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Ty n n lano p h o r id vs. 
Sagiaes. 
Locustidcs. 
Docticide.s. 

Call i me II ides, 
diipni CO rides, 
ptromdes. 
Gryllacride.s. 
l^Stcno^>clmatidoa, 


SCHEME OF INSECTA 


XI 


Cnler. 

OBTHOPTEBA 

[condnucd) 


NEUBOPTEBA 
(P. 341) 


htmenoptera 

(p. 487) 

le eoHtinual ii 


Division, Series, 
or Sub- Order. 




( Orihopten ^ ^ 
«dUtoria 
{anUiniud) J ^P* 


Bl&Uopba^ \ 

(p. 345) / 


Pseudo- f Embudab (p, 351). 

neuropteral ^56). 

tHsocii)AE(p. 3&0). 
Perlidae (p, 398). 


Tribe or Sub-Familj*. 

/ Trid^ct>*Iidcs. 

' Gryllotaljiides. 
il y rm ecoplii lides. 
Gryllidcs. 

Ocean til ides. 

, Trigonidiides. 

V Eneontcridea. 
f Leiotlieides. 

\ Philoptepides- 


Group. 


Nooroptera 
AapUbio 

tiCA 


Odoxata 
( p. 40&) 


j Anisopterides 
[ Zygopterides 


Gomphinac, 

Cord u 1 egas t er 122 ao. 

Acachniiiac. 
Corduiiiuac, 
^LibcIliiHnac. 

( Calcpteiy'ginae. 
\Agrionii2ac. 


Nauopten , 
pU.lp.nnl. 

(l*. 453) 


• Epheheridab (i». 429), 

'S 1 AL 1 U.VR iSielides. 

(p- 444) \ Raphidiides* 

Panoupidae (p. 449), 

f Mjrnncleonides (p. 454), 
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^yacophilides (p. 488 ). 
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ITbntukrpikidae (p. 610) 
' CVN'IPIDAB (p. 528). 
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Mboalyrioab (p. 662). 
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CHAPTER I 


FEHIPATUS 

INTRODUCTION EXTERNAL FEATURES HABITS BREEDINO — 

ANATOMY ALIMENTARY CANAL ^NERVOUS SYSTEM THE 

BODY -WALL THE TRACHEAL SYSTEM THE MUSCULAR 

SYSTEM THE VASCULAR SYSTEM THE BODY CAVITY 

NEl'HKIDIA C.ENBRATIVE ORGANS DEVELOPMENT SYNOPSIS 

OF THE SPECIES^ — SUMMARY OF DISTRIBUTION. 

T he ireim s Pet'ijpatus was establishetl in 1826 by Guilding,' who 
ftwt obtained specimens of it from St. Vincent in the Antilles. 
He rega rded it as a Mollusc, being no doubt deceived by the 
slug - like appearance given by the antennaa Specimens were 
Kubsequently obtainecl from other parts of the Neotropical region 
Kn<l from South Africa and Australia, and the animal was vari- 
ously assigned by the zoologists of the day~'tb the Annelida 
and Myriupodo. Its trxie place in the system, as a primitive 
member of the group Arthropods, was first established in 1874 
by Moseley,* who discovered the tracheae. The genus has been 
monographed by Sedg>vick,* who has also written an account of 
the development of the Cape species.^ A bibliography will be 
fmmd in Sedgwick’s Monograph. 

L. GuUding, “iroIIuwacarvKnazHa: an Account of a Genus of Mollusca,” 

Zool. Jouni. vol. ii. 1826, p. 443, pi. 14 {reprinted in Isis, vol. xxi. 1828, p. 158, pi. ii. 

* H. N, Moseley, “On the Structure and Development of PcripnlMScapcMsw,*’ I’hU. 
Tratu, clxiv. pis. Ixxii.-lxxT. pp. 757-782; and Vroe. R. S. .\xii. pp. 344-350, 1874. 

* A. Sedgwick, “A Monograph of the Genus PeripaUts," QuhvL Joum. of JJk. 
Seietue, vol. xxviii., and in Stxtdies from the Morpholwjienl Lahomtonj the Uni- 
tenily of Cauibridge^ vol. iv. 

* A. Sedgwick, "A Monognph of the Development of PeripiUns eupensh,” 
Stmliesfrom the ilorpkologkttl Lahoratery e/ the Uniteraity Canxhrkhje, vol. iv. 
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There can Ik* no doubt that Pcripatus is an Arthropod, for it 
possesses the following features, all. characteristic of that group, 
and all of first-class morphological iinportaJice : >' 1 ~) The liresen ce 
of a|ipenda^es modified as jaws; (2) the jiresence of ]>aired lateral 
ostia permraiing the wall of the heart an<l ]>uttuig us cavity in 
coininuiiieiiliriu uiLll the pencardumi ; to; the presence of a vas- 
cular body cavity ami pericardium (haemocoelic body cavity;; 
(4.) absence of a perivisceral section of tlye coelom. Finally, the 
tracheae, though not characteristic of all the 'classes of the 
Arthro)ioda, are found nowhere outside that groiq), ami constitute 
a Aery important adtlitional reason for uniting Pevipoti'S with it. 

I'eriputHS, though indubitably an ArthroiHal, differs in such 
imjxirtant respects frciin all the old-established Arthropod classes, 
that a special class, equivalent in rank t<* the others, and called 
I’rototracheata, has had to be created for its sole occupancy. 
This unlikene.s.s to other . ^rthri>poda is mainly ilue to the Anne- 
lidan athnities which it preseiU.s, but in jiart to the presenc** of 
the fjllowing peculiar features: (1; T he number and tlilfusion of 
the tracheal aiiertures ; (2; the re.striction of the Jaws to a single 
pair; (2>)' the disposition of The Wnunilite or»:ans ; (4) tlie te.\^ 
t urc of the skin ; ami (oj tne .sm iplicity and similarity of all the 
se gments of the bo<ly bcliiiul the lieaii. 

The A nnelidaj i aftinities are superficially indicated in so 
marketl a manner by the Uiiuness of the cuticle, the dernio- 
muscular body wall, the hollow upi»eiidagcs, that, ns alreaily 
stated, many of the earlier ;coologists who examined Pernifitux 
]daced it amongst the segmeiitetl worms; and tlie discovery that 
there is some solid morphological IkisIs for this deterniinati<jn 
constitutes one of the most interesting points of the recent wtuk 
on tl\e genu.s. The Annelidan features are: (1) The paired 
neiihridia in every segment of the body behind the first two 
(Saengei-, Balfour’); (2) the presence of cilia in the geiiemtive 
tracts ((hiHVon). It is true that neither of the.se features are 
absolutely ilistinctive of the Annelida, but when taken in con- 
junction with the Annelidan di.sposition of the chief systems of 
organs, viz. the ceiitinl nerv«)us .system, ami the main vascular 
trunk or heart, may lie considered u-s indicating aftinities in that 

» F. 31. Balfour, “Tin; Ai,':tomy and Dcvelopiuciit of Peripatua cajteiisis'' ciliteJ 
Ijy Professor H. N. Moseley ?.*id A. Sedg%vick, Quart. Joiirn. J/ic. Sci. pp. 

213*259| 18S3. 
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direction. Peripatus, tlierefore, is zoologically of extreme interest 
from the fact that, though in the main Arthropoclan, it possesses 
I'eiitnres wliich are possessed hy no other Arthropod, and whicli 
cohiiect it to the group to which the Arthropoda are in the 
general plan of tlieir organisation most close^ related. It nnist, 
therefore, according to our present lights, Ije regarded as a very 
primitive form; and this view of it is borne out by its extreme 
isolation at the pre.sent day. Pcrijintus stands absolutely alone 
as a kind of lialf-way animal between the Arthropoda and Anne- 
Hda. There is no gradation of structure within the genus ; the 
spemes are very liinitetl in number, and in all of them the 
l>eculiar fejitures above mentioned are equally slmiq)ly inarketl. 

Pcripains, though a lowly organised animal, and of remark- 
jil.le sluggishness, with but slight development of the higher 
organs of sense, with eyes the only function of which is to enable 
it to avoid the light — though related to those animals most re- 
pulsive to the aesthetic sen.se of man, animals which crawl upon 
their l*ellies and .spit at, or jioison, t heir pre y — is yet, strange to 
say, an animal of striking liejiuty. The exqui.site sensitiveness 
ami constantly changing form of the antennae, the well-rounded 
plump body, the eyes set like .small diamonds on the side of the 
head, tlie delicate feet, and, above all, the ricl;^ colouring and 
^elvety texture of the skin, all combine to give tli^e animals an 
a.spect of quite exceptional beauty. Of all the species which T 
have seen jdive, the most beautiful are the dark green indivi«luals 
of Crqyensis, and the species which I have called Bulfonri. 
The.se animaK so far jis skin is concerned, are not surpa.ssed in 
the animal kingdom. I shall never forget my astonishment and 
deligdit when on liearing away the Imrk of a rotten tree-stump 
m the forest on Table Mountain, I fir.st came iqiGn one of these 
animals in its imturul haunts, or when Mr. Trimen showed me in 
confinement at tlie South African Museum a fine fat, fnlI-*n-own 
female, accompanied hy lier large family of tliirty or moi/ iust- 
horn but i.retty young, some of which wei-e luxuriously creeping 
about on the lieautiful .skin of their mother’s hack * 


External Features. 

it r!;* oLW.eJ«Hb: nmy callea the head, though 

.t IS not Miui-ply , narked off from tlie rest of tlie body (Ki,. 1) 

Tim head carries three pairs of appendages, a pair of si, .pieces; 
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ami a veutially placed mouth. The body is elongated and 
veniiitbnu : it Wars a number of paired appendages, each termi- 
nating in a pair of claws, and all exactly alike^ The nuniWr 
varies in the dift'erent species. i The anus is always at the 



Fic. 1 . — Peripttliis capeiisis, drawu from life. Life size. (After Sedgwick.) 


posterior end of the body, and the generative opening is on the 
ventral surface just in front of the anus; it may W Wtween the 
legs of tlie last pair (Kig. 2), or it may l*e behind them/ There 
is in most species a thin median white line extending the whole 
length of the dorsal surface of the body, on each side of which 



Fic. 2. — Vt-ntral view i>f • tnil of 
/•. (Altvr 

wick.) (/n lieiicratiw o|>e)iiiig ; 

aiiUH. 


3, — Veulral view of tkt? head of /*. 
ra^tensis. (After Sedgwick. ) An- 

teiioae ; or.p, oral ^lapUlae ; /•’./, fir»t 
leg ; Ty longue. 


tlje skill is ilurker than elsewhere. Tlnj colour varies 

consitleiably in the dillereiit sjjecies, and even in ditferent indi- 
viduals of till* .sitme siMicies. The ventrid surface is nearly alwuy.s 
tlesh-colouied, wliile the doisid surface has a darker colour, la the 
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South African species the colour of the dorsal surface varies from 
H dark green graduating to a bluish gray, to a brown vary- 
ing to a red orange. The colour of the Australasian species 
varies in like manner, while that of the Neotropical species (S. 
American and W. Indian) is less variable. The skin is thrown 
into a number of transverse ridges, along which wart-like papillae 
are placed. The papillae, which are found everywhei*e, are specially 
developed on the dorsal surface, less so on the ventral. Each 
papilla carries at its extremity a well-marked spine. 

f The appendages of the head are the antennae, the jaws and 
the oral papillae^ 

The antenn^, which are prolongations of the dorso-lateral 
\Hirts of the head, are ringed, and taper slightly till near their 
tennination, where they are slightly enlargeib The rings bear a 
number of spines, and the free end of the antennae is coveml by 
a cap of spiniferous tissue like that of the rings. 

I The mouth is at the hinder end of a depression called the 
buccal cavity, an^a- surrounded by an annular tumid lip, raised 
into papilliform ridges and bearing a few spines (Fig, 3). 'Within 
the buccal cavity a^ the two jaws. They are sliort, stump-like, 
muscular structures, armed at their free extremities by a pair of 
cutting blades or claws, and are placed one on each side of the 
mouth. In the median line of the buccal cavity in front is 
placed a thick muscular protuberance, which may be called 
the tongue, though attached to 
the dorsal instead of to the 
ventral wall of the mouth (Fig. 

3). The tongue bears a row of 
small chitinous teeth. The jaw- 
claws (Figs. 4 and 5), which re- 
semble ill all essential points 
the claws borne by the feet, and 




like these are thickenings of the <•— jaw- fki. 6.— Outerjaw- 

c^e, sickle-shaped. They ^Ar“; 

have their convex edge direeteil BaWour.) Balfour.) 

forwards and their concave or cutting edge turned backwards. 
The inner cutting plate (Fig. 4) usually beara a numlier of cutting- 
teeth. The jaws api>ear to be used for tearing tlie food, to which 
the mouth adheres by means of the tumid suctorial lips. The 
oral papillae are placed at the sides of the head (Fig. 3). The 
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dvicts of the slime-glands open at their free end. They possess 
two main rings of projecting tissue, and their extremities bear 
papillae irregularly arranged. 

The ambulatory appendages vary in number. There are 
seventeen pairs in P. capensis and eighteen in P. Balfouri, 
while in P. Edwardsii the number varies from twenty-nine to 
thirty-four pairs. They consist of two main divisions, which we 
may call the leg and the foot (Fig.s. 6 and 7). The leg (/) has the 
form of a truncated cone, the broad end of which is attached to 
the ventro-lateral wall of the body, of which it is a prolonga- 
tion. It is marked by a number of rings of papillae placed 



Fio. 6. — Ventrnl view of leg of a Fio. 7. — Leg of P. eaptmU seew from the 
iiiiile cuptuKis. (After Sfilg- front. (After Sedgwick.) /, i oot ; f, leg i 

wick.) /, Foot; /, leg; p, sjdiii- /j, spiuiferons pads, 

ferous jiads. The white pnjiilla 
Oil the {>rox'imai |»r\rt of thU leg H * 
cUnrActeriiitic of the male of thH 
sl>e<;ies. 

transN er.sely to its long axis, the tlorsal of which are pigmentetl 
like the dorsjil surface of the body, and the ventral like the 
ventr.il surface. At the narrow tlistal end of the leg there a^* 
on the ventral stirface three spiniferous pads, each of which ia 
continuetl dorsally into a row of papillae. 

/*V\\ii foot is attached to the distal end of the leg. It is 
sliglitly narrower at its 'attached extremity than at its free end. 
It itear.s two sickle-shaped claws and a few paj)illa^ The pait 
t*t the fo(»t which carries the claws is especially retractile, and is 
generally fovnid more or le.ss telescoi>ed into the proximal part. 
'J'he legs of the fourth and fifth pairs diftev from the others in 
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the fact that the proximal pad is broken up into three, a small 
central and two larger lateral. Tlie enlarged nepluidia of the.se 
legs open on tlie small central division. 

The males are generally rather smaller tlmn the females. In 
those species in which the nunil)er of legs varies, the male has 
a smaller number of legs than the female. 

^ _ Habits. 

^\^Jh<?^live beneath the bark of rotten stumps of trees, in the 
crevices of rock, and beneath stones. Tliey reriuire a moist 
atmosphere , and ar e exceedingly susceptible to di'ought. They 
avoid light, and are therefore rarely seen. They move with 
great delil)eration, picking their ..course by means of their 
antennae and eyes. It is by the former that they acquire a 
knowledge of the ground over which they are travelling, and by 
tlie latter that they avoid the light. Tlie antennae are extm- 
ordinarily s^^tlS-e, and so delicate, indeed, that they seem to be 
able to perceive the nature of objects without actual contact. 
When irritated they eject with considerable force the contents of 
their slime reservoirs from the oral papillae. Tl.m.jVivce is .sup- 
plied by the sudden contracti(»n of the muscular liody wall. They 
calrsquirt the slime to the disUince of almost a foot. The slime, 
which appears to be perfectly harmless, is extremely sticky, but 
it easily comes away from the skin of the animal itself. 

I liave never seen them use this appi^atus for tlie capture of 
prey, but Hutton descriljes the New Zealand species as using it 
for tins purpose. So fur as I can judge, it is ^^d as a defensive 
weapon ; but tliis of course will not e^lude its offen.sive use. 
They will turn tlieir heads to any part of the body which is being 
in-itated and violently discharge their slime at tlie offending 
olgect. L^motion is effected entirely by means of the le"s, 
with the body full y cxtende<L ” 

their food in the natural state we know little ; but it is 
prol«ibly mainly, if not, entirely, animal. Hutton describes his 
si.ecimen8 as the juices of flies which they had stuck 

down with their slime, and those whfch I kept in captivity 
«igerly devoured th’e entrails of theii- fellows, and the developim^ 
young from the uterus. They also like raw sheep’s liver. They 
inqye their mouths in a suctorial maimer, tearing the food with 
their jaws. They have the power of extruding their jaw.s from 
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tlie uioxith, and of working them alternately backwards or for- 
wards. This is rwidily obsei'ved in individuals immersed in water. 

Breeding. 

All species ai^»i^_viVi^arous. It has Ijeen lately stated that 
one of the Australian si)ecies is normally oviparous, but this has 
not been proved. The Australasian species come nearest to laying 
eggs, inasmuch as the eggs are large, full of yolk, and enclosetl 
in a shell;' but development normally takes place in the uterus, 
though, abnormally, incompletely develoi>ed eggs are extruded. 

The young of 1*. cnpeiisis aie born in April and May. They 
are almost colourless at birth, excepting the antennae, which are 
green, and their length is 10 to j a mm . A large female will 
produce thirty to forty young in one year. The period of gesUi- 
ti<*n is thirteen months, that is to say. the ova pass into the 
oviducts about one month before the young of the preceding year 
are born. They are born one by one, and it takes some time 
for a female to get rid of her whole stock of embryos ; in fact, 
the embryos in any given female differ slightly in age, those next 
the oviduct being a little older (a few hours) than those next the 
vagina. The mother does not appear to pay any special attention 
to her young, which wander away and get their own food. 

There does not appear to l>e any true copulation. The male 
deposits small, white, oval spermatophores, which consist of small 
bundles of spermatozoa cemented together by some glutinous 
sub.stance, indiscriminately on any part of the body of the female. 
Such spermatophores are found on the bodies of lx>th males and 
females from July to January, but tliey api)ear to be most nume- 
rous ill our autumn. It seems probable that the 8i>ermatozoji 
make their way from the adherent siiermatophore through the 
l)o(ly wall into the body, and so by traversing the tissues reach the 
ovary. The testes are active from June to the following Marc h. 
From Marcli to June the vesiculae of the male are empty. 

There are no other sexual differences except in some of the 
South African species, in which the last or ]^ienultimute leg of the 
male beaivs a small white papilla on its ventral surface (Hg. 0). 

Whereas in the Cai>e species embryos in the same uteru.s uiv 
all practically of the same age (except in the month of April, 
when two broiids overlap in P. capensis), and birth takes place at 
a fixetl season ; in the Neotropical si^ecies the uterus, which is 
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ahvays ]»reynant, (.-untaiMs «*mlnyiis nf ditteiviit ruul liiitlis 

jn'olmbly take place all the year rnujiil 

In all species of Periputus the ymmi; are fully foriiieil at 
birth, and differ from the adults only in size and ciilour. 


ANATOMY 

Alimentary Oanal (Fig. 8). 

^.^le imccal cavity, ns explained above, is a secondary fonnn- 
tion around the true mouth, wlucli is at its dursiil jnjsterior einl. 
It contains the tongue and tlie jaws, which have already Is-'en 
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Fio. 8. — Ptri^Hitvs cftp^nsi^ dissected so as to show 
tlie aliiaeutary canal, sliuie gland.s and t^Hvary 
glands. (After Balfour.) The dissection is viewed 
from the ventral side, and the Ups {L) have been 
cut through in the middle lino l>ehiiid and pulled 
. outwards so as to ex|>o»e the jaws (J)^ which haw 
\'P been turned outwards, and the tongue (D bearing 
(j a median row of chitiuous teeth^ wliich bmnohes 
behind into two. Tlie muscular pharynx, extemi* 
ing Uck into the sjiace between the first and second 
pairs of legs, is followed hy a i^hort tubular oeso- 
phagus. The latter opens into the large stomach with 
idicateil walls extending almost to the hind end of 
the animal. The stomach at its point of junc- 
tion with the rectum presents an S-shaped veutro. 
dorsal curve. A, Anus; of, anteiiua ; /./. /••j, 
first .and second feet ; j\ jaws ; L. lips ; ,m' 
oesoiihagus ; or.p. oral papilla ; phy jdiarvnx ; 
rectum ; salivary «luct ; olivary gland ; 
sf.ti, slime reM?rvoir ; sf.j/, jiortioii of tubules of 
slime gland ; sty stomach ; T, tongue in roof of 
mouth. 






.leseril>e<l. ..ml into the himl eiul of it there opens ventrnlly by 
nie.hun opening the salivary glands (.^.,.7). The mouth leads into 
a muscular plmiynx which is coimected by a short oesn- 
plmgus (or) with a stomach (st). The stomach forms by far the 
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largest part of the alimentary canal. It is a (lilate<l soft-walled 
tube, and leads behind into the short narrow rectum (Jt), which 
opens at the anus. There are no glands opening into the 
alimentary canal. 

Nervous System. 

Tire central nervous system consists of a pair of supra- 
oesophageal ganglia united in the middle line, and of a pair of 
widely divaricated ventral cords, continuous in front with the 
supra-oesophageal ganglia (Fig. 9). 

The ventral cords at first sight appear to be without gangli- 
onic tliickenings, but on more careful examination they are 
found to be errlarged at each pair of legs (Fig. 9). These enlarge- 
ments may Ire regarded as imperfect ganglia. There are, there- 

Fig. 9.— Brain nod anUrlor part of tlio veutral nerve- 
conis of PerijXitM eajyfnsU enlarged and viewed 
from tiie ventral surface. (After Balfour.) Tlie 
paired appendages ) of the ventral surface of the 
brain are seen* and the pair of sympathetic nerves 
(ey) arising from the ventral surface of the binder 
l>art. From the commencement of the oesopha- 
geal commis^ure.H pass off on each side a pair of 
nerves to the jaws (Jn). The three nuterior 
commissures between the ventral nerve ^cords are 
placed close together; immediately l>ehind them 
the nerve-cords are swollen, to form the ganglionic 
eiilargenients from which pass off to the ornl 
jiapillae a pair of large nerves on each side (orn). 
Behind this the conU present a series of enlarge- 
ments, one pair for each pair of feet, from which a 
pair of large nerves pass off on each aide to the feet 
rtfn, Antennary nerves; co, commissures 
l^tween ventral cords ; ventral appendages of 
brain ; R eye ; en, nerves passing outwards from 
veutral cord ; Rg.’lt ganglionic enlai^ernents from 
which nerves to feet pass off ; jn, nerves to jawK ; 
or/A ganglionic enUrgemeiit from which nerves to 
oral papillae pass off ; orn, nerves to oral papillae ; 
pc, posterior lobe of brain ; pUp nerves to feet ; 
sy, Hym|uithetic nerves. 

fore, as many pairs of ganglia as there are pairs of legs. There 
is in addition a ganglionic enlargement at the commencement of 
the oesophageal commissures, whore the nerves to the oral jiupilbie 
are given off (Fig. 0, or.y). 

The ventral cords are placed each in the lateral compart- 
nients of the body cavity, immediately within the longitudinal 
layer of mu.scles. They are connected witli each other, rather 
like the pedal nerves of Chiton and the lower Prosobranchiata, 
l>y a number of commissures. Tliese commissures exhibit a 
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fairly regular arrangement from the region included between the 
first and the last pair of true feet. There are nine or ten of them 


between each pair of feet. They pass along tlie ventral wall of 
the body, perforating the ventral mass of longitudinal muscles. 


On their way they give off nerves which innervate the skin. 


Posteriorly the two nerve-cords nearly meet immediately in 
front of the generative aperture, and then, bending upwards, fall 
into each other dprsally to the rectum. They give off a series 
of nen’es from their outer borders, which present throughout 
the trunk a fairly regular arrangement. From each ganglion 
two large nen'es 0>n) are given off, which, diverging somewhat 
from each other, pass into the feet. 

Frc»m the oesophageal commissures, close to their junction 
with the supra-oesophageal ganglia, a nerve arises on each side 
which passes to the jaws, and a little in front of this, apparently 
from the supra-oesophageal ganglion itself, a second nerve to the 
jaws also takes its origin. 

The supra-oesophageal ganglia (Fig. 9) are large, somewhat 
oval masses, broader in front than behind, completely fused in 
the middle, but free at their extremities. Each of them is pro- 
longed anteriorly into an antennary nen-e, and is continuous 
behind with one of the oesophageal commissures. On . the 
ventral surface of each, rather behind the level of the eye, is 
placed a hollow protuberance (Fig. 9, rf), of which I shall say 
more in dealing with the development. About oue-thirf of the 
way back the two large optic nen es take their*~origin, arising 
laterally, but rather from the dorsal surface (Fig. 9). Each of them 
joins a large ganglionic mass placed iiumetliately behind the retinA. 

The histology of the ventral cords and oesophageal commis- 
sures is very simple and uniform. They consist of a cord almost 
wholly formed of nei^-e-fibres placed doi-sally, and of a ventral 
layer of ganglion cells. ^ ' 

^ Body Walk - 


I ^/^The skin is formed of three layers. 

(1) The cuticle. 

/ (2) The epidermis or hypodermis. 

(3) The dermis. 

T^ cuUcle Js a thin layei\ The spines, jaws, and claws are 
»pe^ developments ol iL_ Its surface is not. however, smooth. 

A 
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Imt is everywhere, with the exception of the perioi-al region, 
raise.l into- minute secondary papillae, which in most instances 
l)ear at tlieir free extremity a somewhat prominent spiiie. The 
whole surface of each of the secondary papilhie pist described is 
in its turn covereil by numerous minute spinous tuliercles. 

The epidermis, phiced immediately within the cuticle, is 
composed of a single layer of cells, which vary^ however, a go<.d 
deal in si^e in ditfeient regions of the body. The ccdls exciete 
the cuticle, and they stand in a very renuirkable relation t«> the 
secondary papillae of the cuticle just tlescriljed. Each epiilermis 
cell is in fact ])laced within one of these secondary p<ipillae, so 
tliat the cuticle of each secondary paj>illa is the jnotUict of a 
.single epidermis, cell. The pigment which gives the characteristic 
colour to tlie skin is tlepositeil in the protoplasiii of the outer ends 
of the cells in the form of small granides._ 

At the apex of most, if not all, the primary wart-like papillae 
there are pre.seiit oval aggregati(»ns, or masses of epidermis cells, 
eacii such mass lajiug enclosed in a thickish capsule and Waring a 
long projecting spine. These structures are pmhahly tactile organs. 
In certain regions of the lx>dy they are extremely inimerous; more 
i'Specially is this the ca.se in the untennaCj Ii]»s, and oral papilhu*. 
On the ventral surface «if the iierijiheral rings of the thicker 
.seclitms of the feel they are also very thickly set ami fused together 
so as to form a kind of pad (Figs. 6 and 7). the antennae 

they are thickly set .sitle hy si»le on the rings of skin which give 
such an Arthropodan appearance to the.se organs in PcrijiatHs. 


The Tracheal System. 

The apei'tures of the tracheal system are placed in the depre.s- 
sions Itetween the papillae or ridges of the skim Rich of them 
leads into a tulie, which may W called tlie tracheal pjt. (I'ig.- 1 0), 
the walls of wiiich are formed of epithelial cells houmlcil towanls 
the lumen of tlie pit by a very delicate cuticular membrane con- 
tinuous witli the cuticle covering the surface of the body. The 
j>it8 vaiy wnuewhat in deptli ; the pit figured was about O'OO mm. 
It perforates the dermis and termiiiutes in the subjacent mu-scular 
layer. 

Internally it expamls in the trunsver.se plane and fi-om tin 
expanded ]>ortion the tracheal tuWs arise in diverging huinllesT 
Xuclei .similar in character to those in the walls of the tracheal 
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pit «re placed between the tracheae, and similar but slightly more 
elongated nuclei are found along the'bundles. The tracheae are 
minute tul)es exhibiting a faint transverse striation which is prob- 
ably the indication of a spiral fibre. They appear to braneli, but 



Ffc. 10.— Section llirongh a tracheal 
pit md divergiDg bundles of 
tracheal tube^ taken transversely 
to the long axU of the boclj\ 
(After Balfour. ) 6*. Tmcheae, 

nhowiug riiiliiueiiUry Mpiml liirre ; 
tf.Cy celU resembling thase lining 
the tracheal pits, which occur at 
intervals along the course of the 
tracheae ; fr.o, tracheal stigma \ 
tracheal pit. 


only exceptionally. The tracheal nj^rtures are diffused over the 
surface of the l«xly,,but are especially developed in certain regions. 

'—7'' The Muscnlar System. 

general muscular system consists of— (1) the general 
Swftlf of the body; (2) the muscles connected with the mouth 
pharynx, ami Jaws ; (:^) the muscles of the feet ; (4) the muscles 
of the alimentary tract. 

The muscular wall of the l«jdy is formed of— (1) an external 

layer of circular fibres; (2) an iuteruul layer of longitudinal 
muscles. ® 

The inani muscles of the botly are unstriated and divided into 
hhi-es, cixch invested hy a delicate membrane. The muscles of the 
jaws alone are transversely striated. 


The VascTilar System. 

The vescular eyeten. coneisU of e rtoi-sal t«buh«. henrt with 
iwirecl ostie le.ulmg into it tVoni tlie poricurilium, of the peiicur 

‘'i'-iaions of the perivisceral cavity 
(ll„. 14, i)). As m aii Artiiropocia, tiic periviscerai cavity is a 
haemocoeie ; i.r. it contains Wood aiul forms part of tiic vLuiar 

tim heir “> ^ 



PFkIPATUS 


«. IIAI’. 


^ The Body Cavity. 

The body cavity is formed of four compartments — one central, 
two iatenil, and a i)eiicardial.(Fig. 14, IJ). The former is by fur 
the largest, ami contains the alimentary tract, the generative 
organs, a nd th e slime glands. It is lined by a delicate end(7- 
tiielial layer, and is not divide*! iiitjo cmn^Nirtments nor truven^al 

fibi^. Tlie lateral tlivisi«»ns are much smaller than 
the central, and are shut ofi from it by the inner transverse bami 
of mviscles. They are almost entirely Hlleil with the nerve-cor*l 
and salivary gland in front and with the nei:xp=cord alone behind, 
and tlieir lumen is broken up by muscular Iwinds. They further 
contain the nephridia. They are prolonged into the feet, as is the 
embryonic body cavity of most ArthroiNdj'\ ''The ixnicanlium con- 
tains a peculiar cellvdar tissue. probabl^®^Uggested by Moseley, 
equi^lent to the fat-bodies of insects. ^ * 


Nephridia. \ 

PeripatKS copensis nephridia are pix*s<.\it in all the legx 
In all of them (except the first three) _Uie following parts may 
be rec«)gnised (Fig. 11):- - 

.^^1) A vesicular portion oi>ening to the exterior <ai the ventnil 
surface of the legs by a narrow jjassjige. 
coiled portion, which is again subdivided into several 
, sections. 

A section with closely packet! nuclei ending by a some- 
what enlarged o),>ening. 

„^) The terminal portion, which consist.s of a thin-walle«l 
vesicle. 

The last twelve pairs of the.se organs are all constrncte»l in a 
ver^' siinilur mainier, while the two pairs situated in the fourth 
an^ fifth pairs of legs are consideruhly larger than those iHdiind, 
and are in some resi>ects very diflereiitly constituted. 

It will Ik.* convenient to commence with one of the himler 
nephridia. Such a nephridium from the ninth pair of legs is 
represented in Fig. 11. The external opening is jilaccd. at. tlic 
outer end of a transverse groove at the biise of one of the leg.s, 
while the main portion of the organ lies in the Ixidy cavity in 
the base of tlie leg, and extends into the trunk to about the level . 
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of outer of the nerve-cord of its side. The external 

opemp^ ( 0 ^) leads into a narrow tube (s.d), wMch gradually 
dilates into a large sac («). The nar^&|B|ft is lined by small 
epithel^l cells, which are directly contffiB^ with and perfectly 
simil^ to those of the epidermis. The sac itself, which forms a 
kind of bladder' or coUecting vesicle for the organ, is provided^ 
with an e xtremely thin wall, lined with very large flattened cells. 
The^^sewnd section of the nephridium is formed Tjy the coiled 
tube^ fhe e pithelial lining of which variea slightly in the different 
.The third section constitutes the most distinct 

porteon of the whole organ. Its walls are formed of columnar 
cells almost ^edjay oval nuclei, ^wMch absorb colouring matters 
with^very great avidity, and thus render this part extremely 



Fio. 11« — Nepbridinm ftom the 
9th pair of legs of P, caj>ensis. 
0 .M 9 ExUmal opening of seg* 
mental organ ; p/. internal 
opening of nephridium into 
the body cavity (lateral com- 
Iiartment) ; vesicle of seg- 
mental organ; a.c.1, 

#.c.4f successive regions 
of coiled portion of nephri- 
diom; third portion of 
nephridium broken olT at p^ 
tram the internal vesicle, which 
U not showily 


co nspicuo us. The nuclei are a rranged in several rowa It ends 
hy mning into a vesiHirTTig. 14, D). the waU of which is so 
dehc^ that it is deitroyed when the nephridium is rem6\’ed 
from the body, and consequently is not shown in Fig. 11. 

fourth and fifth pairs are very considerably larger t.hAn 
thosebe^, and are in other respects peculiar. The great ma^ 
of each organ is place^hmd_tiie_feg_iu^ 

opting ^8 plaged^ijDmediately_outside one of thejoteral nerve. 

ejgternal opening, instead of being pl aoed^r^r the 
base oS the kg, is^^ Iaced on th e vODtra l^gidejfth^lEI^a^l^ 
(punting from the outer end) of the thiS^Ti^n-^r'tH^-I^ 
It abortion which clearly corresponds with the coUect- 

2^fe^L^^hinder nephridia. 

foie^“^-^ nephridia in the thre^ 

r^oat pmrs of ^gs are rudimentary, consisting solely of a 

v^cle and duct (The salivary glands are themod^ed nephinHin 
of the segment of the or^l papilla^ nepmioia 
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Generative Org^ans. 


The male mgans (Kig. 12) consist ot‘ a pair of testes 

(/r) ii pair of vesicles (r). va&a defereatia^^r.rf), and accessory 
glamluliu; tnhules (/ ). All the iilwve parts lie in the ^utral 
coinpaitment of the body cavity.^ In P. nijjcnsis the accessory 
glandnltU'. ho<lies or crnral glands the last (17th) pair of 
are enlarged and jirf>long«*d into an elongated _tuhe placed in Oie 
lateral conipartnient «if the body cavity (n.^). 

The right vus deferens passes umler'lxjth nerve-cords to join 



Tu.. 12. -Mil.* tffuemtivo ..ni-a... of P:ip.Uu.-, vicwcjWro.u 

lAltui BalfoTir.) Ki.ln»v«l coiral clan.lsoflavt j.mrofkKs; ?'» 1 

of Ivjfs • J, small ac:ies^«ory glnmliilAr OiIk-h ; p, .oiuhiou .Inct into winch the 
Uefcrculia oi>«n ; te, teslL^ ; i , .s«miu;il ve-Mclc ; r.f, iicrve corU ; c.J, vus aeferens. 


tlie left, and form the enlarged tulK^_C//). which, passing Umcath 
tije nerve-cf.rVi of its side, runs to the external orifice.^ The^ 
enlarged terminal portion possi‘s.ses thick museidar walls, and 
possibly constitutes a siK-rniatoplmre niaker^ as has Ikm-u shown to 
|.e the case in P. X. Zmhindiuc, hy Moseley. IiL^mie specimtms 
M .iitteient arrangement obtains, in that the kdl^vas dejerelis 
passes under both nerve-tnatls to join the, riglit. 

"TKM.-tLE. The ovaries consist of a pair of tubes "1*- 

pHcil tpgeth^', ami continueil posteriorly into tla^ oviducts^ Tlie 
oviducts, after a short course, become iUlateil ini<j the uternses, 
wl7udi "]oin Wmiid 'aml open to the exterior by a median 
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oj«*iiing. The ovaries always contain sjiermatozna, sonn^of which 
|in>ject thmugii the -ovarian wall ijitg.tlitiJj ptlj'^ cavity. Spernia- 
tozoa ar c not fo und in tlie-Uterns aiul ovi(lucts^inl_.it a^iyai-s. 
in’cViaTlc that the y ^•eaeh the ova ry direct ly hy horiiiL' throiiL'h 
the skin mid traversing tho laxl y cavity.* ( Qit. the neotronic al 
sp ecie.s there is a globtil ar receptacvilnni semiins o^jening hy two 
shorntnets' close togeClier into tlie oviduct, and tliere is a small 
receptaculuin ovoruju with extremely thin wall s o^>en ing uito tlm 
ovii mH by a short duct just in fro nt uf the receptaculuin s einin is. 
Tfm Epithelium of the latter structure is clothed with !«ti>;^yi, 
mov ing cilia. In the N ew Zealand si*ecies there is a receptaculuin 
seniinis with two ducts, but tlie recepta cula ovoruut has not 
r>e en seen. ^ 

T here appear to be present in most, if not all, the leg.s some 
accessory glandular structures oj)eiiiug just externally Eonthe 
ne-ghridiu. They are called the crural glands. " 


DEVELOPMENT. 

As stated at the outset, Ptripahts is fotind in three of the 
great regions, v ig, in^frica. iu Aus ti-^sia. and in South America 
a nd the “W e st Indies. It i s u curious and remarkable fact that 
although the s pecies found in tliese varioua localities are I'eally 
closely siinilm-, t he p rincipal differences relating to the str ucture 
fehiale gcuerative organs and to tlie nunilier of the legs, 
Qigy d»> "di ner in the most striking manner in th^tructure of 

Ml the etirJv development. In nil the Austral- 
aHiHii species tha e gg is largo and hea vily cliarged w ith fooil- 
• a nd is surr ounded by„a.. touglPinonibrane. " In the Cape 

smuUer, tlumgAt-still o f considt^L hlp . m > n ■ -f h a 

deyelopfid, a nd t he ^gg menihra tnr in thimirr 

Ih oiigh dc n^. In the neotropical species thp Pgg ia 

aig~Knnosr"entirely voll^ The unsegmented uterine 

o^ ^irn of 7*. Xovuc-Zmlandiae m easures I'o imn length **y *8 nun.--. 
iir^ hreadt li : that o f F. mpciisis is 'o fi mm i» and— tliat 

'*t r. Ft inithuletisis 'Od nun. in diame ter. In correspondence — 
u ^li tllgftc diifercnces in the ovnni thei’e are differences in -‘tlie 
uarlg ^velop nient. thoug h the later stages are Ph>..^ly 
Ihtt ^foi^mtely tho devolupiuent has only f..lly worked 

^ Set ^ liitmaii, jQHnml of yiorpholoyy^ vol. L 
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out in one species, and to that species — P. eaperisis — the follow- 
ing description refers. The ova a^apparently fertilised in the 
ovary, and they pass into the oviducts_ in April and May. In 
May the brood of the preceding year are born, and the new ova, 
which have meanwhile undergone cleavage, pass into the u^rus. 
There are ten to twenty ova in each uterus. The seguientation 
is peculiar, and leads to the formation of a solid gastrula, consisting 
of a cortex of ectoderm nuclei surroimding a central endodermal 
mass, which consists of a much -vacuolated tissue with some 




Uppermost in tbe figures, tlie primitive strenk m the white patch behind the blasto- 
pore. {After Sedgwick.) Gastrula stage, ventral view, showing blastopore, 
B, Older gastrula Ktage, ventral view, showing elongated blastopore ami primitive 
streak. C, Ventral view of embryo with three pairs of mesoblostic somites, dumb- 
bell-shaped blastopore and primitive streak. D, Ventral view of embryo, in which 
the blasto|>ore has completely closed in its middle portion, and given rise to two 
openings, the embryonic mouth and anus. The anterior pair of somites have 
n>ovccl to the front eud of the body, and the primitive groove bos appeared on the 
primitive streak. E, Side view of embryo, in which the hind end of the body has 
l>egun to elongate in a spiral manner, and in which tbe appendages have begun. 
AU antenna ; d, dorsal projection ; preoral somite. F, Ventral view of head of 
embryo intermediate between E and O. The cerebral grooves are wide and shallow. 
The lips have appearecL and have extended behind the openings of the salivary 
glands, bnt have not yet joined in tbe middle Hue. At^ antennae ; c.//, cerebral 
groove ; jaws ; j.s, swelling at base of jaws \ £, lij»s \ A/, mouth ; or.2u oral papillae ; 
o.s, opening of salivary gland. O, Side view of older embryo with the full number 
of appendages, to show the position in which tbe embryos lie in the uterus. 


iiTegularly-shaped nuclei. The endoderm mass is exposed at one 
point — the blastopore (gastrula mouthy The central vacuoles 


of the endoderm now unite and form the enteron of the embryo] 
and at the same time the embryo elongates into a markedly ~<^’al 
form, and an opacity — the primitive streak/^^-appears at the hind 
end of the blastopore (Fig. 13, B). This elongation of the embryo 
is accompanied by an elongation of the blastoporg, w hich soon 
becomes dumb-bell shaped (Fig. 13, C). At the same time the 
mesoblastic somite s (embryonic segm ents of mesoderm) have m^e 
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their appearance in pairs at the hind end, and gi'adually travel for- 
ward on each side of the blastopore to the front end, where the 
somites of the anterior pair soon meet in front of the blastopore (Fig. 
13, D). Meanwhile the narrow middle part of the blastopore ha.s 
closed by a fusion of its lips^ so that the blastopore is repiesented 
by two openings, the future' mouth and anus. A primitive groove 
makes its appearance behind the blastopore (Fig. 13, B). At 
this stage the hind end of the lx)dy become s cu rved ventrally 
into a spiral (Fig. 13, E), and at the same time the appendages 
appear as hollow processes of the body wall, a mesoblastic 
somite being prolonged into each of them. The first to api>ear 
are the antennae, into which the praeoral somites are prolonged. 
The remaiiurer appear from befm-e Itfickwards in regular order, 
vi?. jaw, oral papillae, legs 1-17. The full number of rmnites 
and their appendages is not, however, completed until a later 
stage. The nervous system is formed .as an. annular thickening 
of ectoderm passing in front of the mouth and beliind the anus, 
and lying on each side of the blastopore along the lines of the 
somites. The_prHeoral part of this thickening, wliich gives rise to 
the cerebral ganglia.T^cpmes pitted inward oh each side (Fig. 13, 
F, These” pits are eventually closed, and form the hollow, 
ventral appendages of the supra-pharyngeal ganglia of the adult 
(Fig. 9, (f). The lips are formed a.8 folds of the side wall of the 


^ly, e.xteii(ling from the praeoral lobes to just Iwhind the .jaw 
(Fig. 13, F. L). They enclose the jaws (». mouth (Jf), and 
opeiii^^ of tlie salivary glands (o.s), and so give rise to the buccal 
c^ityT" The en^ryo has now lost its spiral curvature, arid 
Ijecon^ (»mpletely doubled upon itself, the hind end being ia 
conta ct w ith the^UQUth (Fig. 13, G). It remains in this positio n 
until birth. _ The j\i8t-1>om young, are from 1.0-15 mm, in length 
and have gi^n nntennag, but the rest of the body b dther^mto 
whi te or o f a reddish colojir. This red colou r diff ers from the 
col our ^f the adult in being soluble in spirit. ^ 

The mesoblMtic somites ar^pairecl sacs formed from the 
anterior__lateral pOTtions of the prhuitive streak (Fig. i:', C) 
As they are formed .they become placed in pairs on each side of 
tliejdastopora The_soiuite8_pf Uie first pair eventvially obtain a 
posilmn enti^.ia frpnt of, Ihe.blastppore (Fig. 13, B). They" 
fonnj^sp^s^fjhe praeoral lobes The full complement of 
somites IS acquired at about the stage of Fig. 1 3. E. The relations 
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of tlie somites is shown in Fig. 14, A, which represents a transverse 
section taken between the montli and anus of an embryo of the 
stage of Fig. 13, 1). The history of these somites is an exceed- 
ingly interesting one, and may l>e descril>ed shortly as follows : — 
They divide into two parts — a ventral part, which extends into 




Fia. 14. — A «erie« of diAgT&ms of imusverse .wtions through Pfripntus embryos to 
show the relations of the coelom at successive stages. (After Sedgwick.) Al, Early 
stage : 1, gut ; 2, inesob1a.stic somite ; no trace of the vascular $|>ace ; eiidoderni 
and ectoilerni in contact. B. Etnloderm lias separated from the dorsal and ventral 
ectoderm. The somite is represented as having divided ou the left side into a 
dorsal and ventral }>ortion : 1, gut ; 2, somite ; 3| haemocoele. C. The haeinocoele 
(3) has become divided up into a number of spaces^ the arraiigenient of which is 
unimportant. The dorsal part of each somite has travelled dorsalwards» and now 
constitutes a sntall space (triangular in section) just dorsal to the gut. The ventral 
|kortioii (2') hus Assumed a tubular character, aud has acquired an external opening. 
The interna] vesicle in already indicated, aud is shown in the diagram by the thinner 
black line : 1, gut ; 2\ nephridial part of coelom ; 3, haemocoele ; 3', part of 
liAemocoele which will form the lieart^tbe part of the haemocoele ou each side of 
this will form the pericardium ; 4, iierve*cord. O represents the conditions at 
the time of birth ; uumlwrs as in C, except 0, slime glands. Tlie coelom is re* 
presented as surrounded by a thick black line, except in the part which forms the 
internal vesicle of the ocpliridiuru. 


the appendage, ami a tlorsal part (Fig. 14, B). The ventral j)art 
aefjuire.s an opening to the exterior just out.side the nerve-cord, 
an<l l)ecoiiie8 entirely tninsforined into a nephridiinn (Fig. 14, 
I), 2'). The dor.sjil part slnfts dorsalwards and diminishes rela- 
tively in aize (Fig 14, C). Its fate differs in the different parts 
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of the bod}'. In the anterior somites it dwindles and disappears, 
but in the posterior part it unites with the dorsal divisions of 
contiguous somites of the same side, and forms a tube — the 
generative tul)e (I'ig. 14, D, 2). The last section of tins tube 
retains its connexion with the ventral portion of the somite, and 
so acquires an external opening, which is at first lateral, but soon 
shifts to the middle line, and fuses with its fellow, to form the 
single generative opening. The praeoral somite develops the 
rudiment of a nephridiiun, but eventually entirely disappears. 
The jaw somite also disappears ; the oral papilla somite forms 
ventrally the salivaiy glands, which are thus serially homologous 
with nephridia. The i>erivisceral cavity of Pet'ipatus is, as in all 
Arthropoda, a haemocoele. Its various divisions develop as 
a series of spaces between the ectoderm and eudodenn, and 
later in the inesodenn. The inesodemr seems to be formed 
entirely from the proliferation of the cells of the mesoblastic 
somite.^. It thus uppeiii-s that in Peripattu the coelom does not 
develop a periviscei'al portion, but gi\'es rise only to the i-eual 
and ivproductive organs. 




Synopsis of the Species of Peripatus. 


Peri patus, Guildi pg. 

Soft-bodied vermiform animals, with one pair of ringed antennae, one 
pair of jaws, one pair of oial papillae, and a varying number of claw-bearing 
ambulatory legs. Dorsal surface arched and more darkly pigmented than 
the flat ventral surface. Skin tranaversely ridged and beset by wartdike 
spinifei-ous papillae. Mouth anterior, ventral; anas poeterior,' terminal. 
Generative opening single, median, ventral, and posterior. One mir of 
simple eyes. Brain laige, with two ventral hollow ai)pendoge8 • ventral 
cords widely divaricaUd, without distinct ganglia. Alimentary canal siniple, 
uncoiled. Segmentally arranged, paired nephridia are present Body cavitv 
is continuous with the vascular system, and does not communicate with the 
paired nephridia. Heart tubular, with paired ostia. Respiration by means 
of tracheae. Dioecious ; males smaller and generaUy less numeroxis thou 
females. Generative glaiuls tubular, continuous with the ducts. Viviparous 
Young bom fully developed. They shun the light and live in damp places 
beneath stones, leaves, and bark of rotten stumps. They eject wheu irritated 
a viscid fluid through openings at the apex of the oral jiapillae. 

Distribution : South Africa, New Zealand, and Australia, ^utli America 
onu the >> cut Indies [and in Sumatra 
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South African Species. 

With three spinous pads on the le^ and two primary papillae on the 
anterior side of the foot, and one accessory tooth on the outer blade of the 
jaw ; with a white papilla on the ventral surface of the last fully developed 
leg of the male. Genital opening subterminal, behind the last pair of fully* 
developed legs. The terminal unpaire<l portion of vas deferens short. Ova 
of considerable size, but with only a small quantity of food-yolk. (Colour 
highly variable, number of legs constant in same 8i>ecies(?).) 

P. CAPEKBid (QrubeX — South African Pmpcius, with seventeen pairs of 
claw -bearing ambulatory legs. Locality, Table Mountain. 

P. Balfoukc (Sedgwick). — South African PtrifMixUy with eighteen pairs 
of claw-bearing ambulatory l^s, of which the last pair is rudimentary. 
With white papillae on the dorsal surface. Locality, Table Mountain. 

P. BREVIS (De Blainville). — South African Peripaiusy with fourteen pairs 
of ambulatory legs. Locality, Table Mountain. (I have not seen this 
species. Presumably it has the South African characters.) 

P. Moselkti (Wood Mason). — South African Pmpofia, with twenty-one 
and twenty-two pairs of claw- bearing ambulatory legs. Locality, near 
WiIliamsto>vn, Cape Colony ; and Natal.^ 

Doubtful SptcUs. 

(1) South African Peripatu^^ with twenty pairs of claw- bearing ambu- 
latory legs (Sedgwick). L<^lity, Table Mountain. (Also Peters, locality 
not stated.) 

(2) South African PeripaiH$y with nineteen pairs of ambulatory legs 
(Tritnen). Locality, Plettenberg Bay, Cape Odony. (Also Peters, locality 
not stated.) 

Australasian Species. 

With fifteen pairs of claw-bearing ambulatory legs, with three spinous 
pads on the legs, and a primary papilla projecting from the median dorsal 
portion of the feet. Genital opening between the legs of the last pair. 
Receptacula seminis present. Unpaired portion of vas deferens long and 
complicated. Ova large and heavily charged with yolk. (Colour variable, 
number of legs constant in same species (7).) 

P. Novae Zbalandiae (Hutton). — Attstr.ilasian Pertpaius^ without an 
accessory tooth on the outer blade of the jaw, and without a white papilla 
on the base of the last leg of the male. New Zealond. 

P. Leuceabti (Saenger). — Australasian Perxpatiu, with an accessory tootli 
on the outer blade of the jaw, and a white papilla on the base of the last leg 
of the male. Queensland. 

Neotropical Species. 

With four spinous pods on the legs, and the generative aperture 1>etweeii 

' There are now, I am told by Professor Jeffrey Bell, specimens from Xatal (I 
believe undescribed) at the British Museum with twenty-three and twenty- four 
pairs of legs. 
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the legs of the penultimate pair. Dorsal white line absent. Primary 
papillae divided into tAvo portions. Inner blade of jaw with gap between 
the first minor tooth and the rest Oviducts provided with receptacula 
ovorum and seininis. Unpaired part of vas deferens very long and comp1i> 
cated. Ova minute, without food-yolk. (Colour fairly constant, number of 
legs variable in same sjwcies (?)•) 

P. Edwaudsil* — N eotropical Peripaiiu from Caracas, with a variable 
number of ambulatory legs (twenty-nine to thirty-four). Males Avith 
tAventy-nine or thirty legs, and tubercles on a varying number of the posterior 
1^. The basal pai-t or the primary papilla is cylindricaL 

P. Trinidaoexsis (n, sp.). — Neotropical Peripaixu from Trinidad, witli 
twenty-eight to thirty-one pairs of ambulatory legs, and a large number of 
teeth on the inner blade of the jaw. The basal portion of the primary 
papillae is conical. 

P. TOSQCATCS (Kennel), — Neotropical Peripatiu from Trinidad, with 
forty-one to forty-tAvo pairs of antbulatory legs. With a transversely placed 
bright yellow band on the dorsal surface behind the head. 

Doubf/iU Spteiet. 

The above are probably distinct species. Of the remainder we do not 
know enough to say Avhether they are distinct species or not. The folloAving 
is a list of these doubtful species, with localities and principal characters : 

P. JDLiFORsns (Guilding). — Neotropical Peripatiu from St. Vincent^ with 
thirty-three pairs of ambulatory legs. 

P. Chiliensis (Gay). — Neotropical Peripatus from Chili, with nineteen 
iwirs of ambulatory legs. 

P. DEMERARANCS (Sclater). — Neotropical Peripatiu from Maccasseemo, 
Dememra, with tAventy-seven to thirty-one pairs of ambulatory lega and 
conical primary papillae. 

Peripatcs from Catenxe (Audouin and Jlilne-Edwnrds), — With thirty 
pairs of legs. Named P. Edwardsii by Blanchard. 

Peripatds from VALEjiriA Lake, Colombia (Wiegmann). — With thirty 
pairs of legs. 

Peripatds from St. Thomas (Moritz). — No description. 

Peripatus from Colonia Towab, Venezuela (Grube).— With twenty- 
nine to thirty-one pairs of ambulatory legs. Named P. Edwardsii by Orul4. 

Peripatus prom Santo Domingo, Nicaragua (Belt).— With thirty-one 
pairs of ambulatory legs. 

Pewpatos from Dominica (Angas). — Neotropical Peripatiu, with twenty- 
six to thirty (Pollard) pairs of ambulatory l^a. 

Peripatds from Jamaica (Gosse) — ^With thirty-one and thirty-seven 
pairs of ambulatory legs. 

Peripatus from Santabam. — Neotropical Peripatiu, with thirty-one 
pairs of ambulatory legs. 

Peripatds prom Cdba. — No details. 

‘ was first applied by Blanchard to a species from Cayenne. The 

desenpuon. however, » very imperfect, and it is by no means clear that the Cayenne 
siiecieft IS laenticft] with the species here named Edtoardsiu 
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PEfiirATUs FROM HooRUBEA Cbbek, Demerara (Quelcli)- — With thirty 
pairs of kgs* 

Pebipatds from Marajo (Branner). — No details. 

Peri PATHS from Utdado, Porto Rico (Peters). — With twenty-seven, 
thirty, thirty-one, and thirty- two pairs of legs. 

Peripatus from Surinam (Peters). — No details. 

Peripatus from Puerto Cabello, Venezuela (Peters). — With thirty 
and thirty-two pairs of legs. 

Peripatus from Laouayra, Venezuela (Peters). — No details. 

Peripatus Quitensis (Schmarda). — From Quito, with thirty-six pairs 
of legs. 

Peripatus from Sumatra (Q.) 

P. Sumatran us (Horst ). — Peripatus from Sumatra, with twenty- four 
pairs of ambulatory legs, and four spinous jwids ou the legs. The primary 
papillae of the neotropical character with conical bases. Generative oj>ening 
between the legs of the penultimate pair. Feet with only two papillae.^ 


SU.MMAKY OF DISTRIBUTION 

Distribution op the South African Species — 

Slopes of Table Mountain, neigh bourhooil of Williumstuwn, Plettenberg 
Ray — Cape Colony — Nulal. 

Distribution op the Australasian Species — 

Queensland — Australia. 

North and South Islands — New Zealand. 

Oriental Region (1) — 

Sumatra. 

Distribution of the Neotropical Species — 

Nicaragua. 

Valencia Lake, Caracas, Puerto Cabello, Laguayra, Colonia Towar — 
Venezuela. 

Quito — Ecuador. 

Maccasseema, Hoorubea Creek — DemeninL 
Surinam (Petal's). 

C^ayeiine. 

SantaiX’in, Marajo, at the mouth of the Amazon— Brazil. 

Chili. 

And in the following West Indian Islands -Ciiha, Dominica, Rico 

{Petci*s), Jamaica, St. Thomas, St, Vincent, Trinidad. 

* The existence of this sjiocics is very doubtful. The <lesci iption of it was taken 
from a single 8|>ecimcn. The evidence that this 8|>ecimen was actually found in 
Sumatra is not conclusive. 
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CHAPTER II 


MYBIAPODA. 

INTRODUCTION HABITS CLASSIFICATION STRUCTUHK CHILO- 

GNATHA CHILOPODA SCHIZOTARSIA SYMPHVI.A PAUK- 

OPODA EMBRYOLOGY PALAEONTOLOGY. 

Trachbata witli separated head and numerous, fairly similar 
segments. They have one pair of antennae, two or three pairs 
of mouth appendages, and numerous pairs of legs. 

The Myriapoda are a class of animals which are widely 
distributed, and are represented in almost every part of the 
glol^. Heat and cold alike seem to offer fa\’ourable conditions 
for their existence, and they flourish both in the most fertile 
and the most barren countries. 

They have not attracted much notice until comparatively 
I'ecent times. Compared with Insects they have been but little 
known. The reason of this is not hard to find. The MjTiapods 
-do not exercise so much direct influence on human affaits as 
do some other classes of animals ; for instance, Insects. They 
include no species which is of direct use to man, l^e the silk- 
worm or the cochineal insect, and they are of no use to him as 
food. It is true that they are injurious to his crops. For instance, 
the species of Millepede known ns the “ wire worm ” ^ is extremely 
harmful ; but this has only attracted much notice in modern 
times, when land is of more value than formerly, and agricul- 
ture is pursued in a more scientific manner, and the constant 
endeavour to get the utmost amount of crop from the soil has 
caused a minute investigation into the various species of 
animals which are noxious to the growing crop. The species of 

* Not to be confuMd wUb tbe Urva of ElaUr lineatus, aUo knowu as " wire-worm." 
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Myriapoda best known to the ancients were those whicli were 
Iiarnifiil to man on account of their poisonous hite. 

Some writers have suj»posed that the wonl wliicli is trans- 
lated “ mole ’ in the Bihle (Ia-v. xi. ^JO) is really i^nilojyemVrn 
(a genus of Centipede), and, if tliis is so, it is the earliest men- 
tion of the Myriapods. They were rarely noticed in the classical 
times: jilmost the only mention of tlieia is hy ,Klian, who sjiys 
that the wlmle population of ji town called Klietium were <lriven 
out hy a swarm of .Si-olopinidras. I’liny tells us of a mai im^ Scolo- 
l>endra, hut this was most prohahly a species of marisie worm. 

Linnaeus includeil Myriapo<l.s among the Insects; ami the 
writers alter liim till the heginning of tliis century classeil them 
with all sorts of In.sects, with Sj)iders, Scorpions, and even among 
Serpents. It was TA*ach who first raised them to the importance 
of a separate class, and [.atreille first gave them the name 
of Myriapoda, which they have retaineil ever since. 

?vIyriajM«ls are terrestrial animals, crawling or creejnng on 
the gr<mnd or *m logs <*f woml, or even under the hark of trees. 
There is, howe^■er, a partial exception to this; various naturalists 
have fr<»m time to time given ilescriptions of marine Ontipetles. 
These an? not found in the sea, hut crawl about on the shore, 
where they are 8id>merged hy each tide. l’r(*fessor F. riateuu 
has given an account of the two .s}»ecie.s r»f Myriapods that 
are fonml thus living a seiui-a«juatic life. They are. named 
<!roi>li il HH luiiritunim and Oroph il us suliuiitri nus, and Vlateaxi 
toiiiid tliat they couhl exist in st*a water from twelve to seventy 
hours, and in fresh water from six to ten tlay.s. They thus tiHer 
a striking example of the p«)wer that their chiss possess of 
existing under nnfavourahle circumstances. 

With regard t<» their hahits the diH'erent species differ very 
ct>nsiderah|y. On the one hand we have the ChilopiKlaj^ or 
(Amtipeil^. as they are called in this cotintry, active, swift, and 
fcroc-ious : living for the most jiart in tlark and ohsenre jdnees, 
heneath stones, higs t»f wood, ami clricd leaves, etc., asul feeding 
on living animals. On the other hand, we have the Chilngnatha, 
or Millepe«les, ilistinguished hy their slow movements ami 
vegetable diet; inoffensive to man, except by the destruction 
they occasion to Ills crcjp.s, ami having as a means of defence no 
formiilahle wejipon like the large p«ii.son claws of the (,'entipe<les, 
hut only a lajculiarly offensive liquid secreteil by special glamls 
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known l>y the nnpleasiint though expressive uanie of "stiuk glands, 
nr by the more euphonious Latin name of f/landulac odori/cnic. 

As a general rule the larger species of JlyriajKKls are found 
iji_the._ hotter climates, some of the tropical sjxjcies being very 
large, and souie, among the family of the 8ci»lopemh i>lae^ extremely 
poisomn ts ; and it is even Sitid that their bite is fatal t o nmn- 
If, however, the Centijieile is sometimes fatal to man, it does 



FtC. 15.~«Scofo^n^m cbscura. (From C. L. Roch, DU Mi/riapocUn.) 


not always have it its own way, for we read of man making 
fdKMl of Centiiwdes. It is hard to believe that any human being 
c(mhl under any circumstances eat t’entijiedes, which have been 
described by one naturalist Jis " a disgusting tril)e loving the 
<larkness.’’ Nevertheless, Humboldt informs us that he has seen 
the Indian children drag out of the earth Centipedes eighteen 
inches long and more than liulf an inch wide and devour them. 



Fic. 16.— Chordeuma a\/Ireslre. (From C. L. Kocb, Die M>/riaj> 0 (Un.) 


This, I believe, is the only account nf human beings using 
the Myriniwda as food, if we except the accounts of the religious 
fanatics among the Afriwin Arabs, who are sjiid to devour Centi- 
l>ede.s^ alive ; though this is not a case of eating for pleasure, for 
the Scolopendras are devoured in company with leaves of the 
prickly ixjar, broken glass, etc., a.s a test of the unplejusant thim^ 
which may be eaten under the influence of religious excitement? 
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A c5old climate, however, is not fatal to some fairlj’ large 
species of Centipedes. A striking instance of this came under 
my own observation some years ago. In 1886 I was travelling 
in the island of Cj’prus — the “ Enchanted Island,” as Mr. Mallock 
calls it in his book ^vritten about the same time — with the 
intention of observing its natural history. This island consists 
of a broad flat country crossed by two mountain ranges of con- 
siderable height, thus offering the contrast of a hot climate in 
the plains and a cold climate in the mountains. On the plain 
country I found among the MjTiapoda that the most common 
species were a large Scolopendra and a large Lithohius. The 
Scolopendra was fairly common, living for the most part under 
large stones, and it was a pleasant task to search for them in a 
ruined garden near Larnaca. 

This garden was made for the public, and is situated about a 
quarter of a mile from the old town of Larnaca. It has l>een 
suffered to fall into decay, and is now quite neglected. Mr. 
Mallock has descriWd many l>eautiful scenes in his book, but I 
think he could have found few more l>eautiful than this old 
garden with its deserted g-ardener’s house, now a heap of ruins, 
but overgrown with masses of luxuriant vegetation, with beauti- 
ful flowers peeping out here and there as if charitably endeavour- 
ing to hide the negligence of man, and to turn the desolation 
into a scene of beauty. I got several prizes in this garden, but 
found the Myriapods were principally represented by the species 
I have mentioned. 

After leaving Larnaca I rode across the plain country 
through blazing heat, which was rapidly parching up the ground 
to a uniform brown colour. At every stopping-place I found 
the same species of Scolopendra and of Lithohius. After a few 
days I began to get up among the mountains of the northern 
range, and the burning heat of the treeless plain was gradually 
exchanged for the cool shade of the pine-trees and the fresh air 
of the mountains. As I ascended higher and higher the tem- 
perature grew cooler till I reached the top of Mount Troodos, the 
ancient Olympus. Here in the month of May the snow still 
lingered in white patches, and the air was clear and cold. I 
remained on the top of Troodos for a week, while I made a close 
examination of the fauna to be found there. I was much 
surprised to find the identical species of Scolopendra and 
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lAthohins with wliich 1 Imd becoait* accjuaiuteil in the heat «it' 
the low country, «iuite at lioine ainono the snow, and a.s cuninion 
iw in, what I sliuuld have imagined to W, the more conoenial 
climate. Xor were they any the les.s lively. Far IVum exhihil- 
Ing any .sort of^»oii)or fr«)m the cold, the first one which 1 
triumphujitly soizeil in my forceps wrig^ded liimself l(.M>se and 
fastened on niy finger with a vigour which imule me as anxious 
to get rid of him as I hud formerly Iteen to secure him. How- 
ever, he eventually went into n>y collecting Intx. 

On the whole, we may sjiy that the C’hilopoda are most 
largely representwl in the hotter climates, where they find a 
more abundant diet in the rich insect life of the tropical and 
semi-tropical countries. The more hrightly-colnnred ^Iyriapolls, 
t«H>, are for the most part inhaliitauts of the warmer countries. 
The ease with which they are intnMluceil into a country in the 
earth round plants, and in laixes j»f fruit, mav accaaml to a .ricat 
e.xtent for the wide distribution of the various species in 
diftereut countries. Hr. PcK‘<H.-k, wh<» e.xamiiied the Hyiiajiods 
brought hack from the " Challenger " Kxi>editiou. iulbrms us that 
of ten si^ecies hrought from Jku-mnda. four had l»een intiaiduced 
from the West Indies. There is no douht that animals which 
can hear changes of tcmi)erature and deprivation of fnnd, and 
even a short immersion in the water, are well cahudated to he 
intriMhicuil into strange countries iu many nnexj>ected wavs. 

As might lie exi>ectetl from a class of animals so' widely 
distrilmted, MyriupisLs show an ulmust infinite varielv of size 
and colour. W e find tliem .so siiiall that we can harilly .see 
them with the naketl eye, a.s in the case of the tiny 
the raur(*pidae, and the Sculo|>emlrellidae. We aU» (iml theni 
more than six inches in length, as the larger .si«H-ies of Su.lo- 
lH*ndridj\e. 1 am afraid we must dismiss an exaggerati«.in an 
account of Centi]H*des in Carthagena a yanl in length, aiul luoiv 
than six inche.s in brcmlth. The giver of this a.-count— rih.a 

informs u.s that the bite of this gigantic wriK-nt-like civatmv 
IS morhd It n timely ivmedy U- uni applied. It i.s eertainlv 
extremely proUd.le that the bite of „ (VntiiK.de of this size would 
Iw fatal to any one. Some CentiiK.des are short ami br.md. and 
^nposed ofiew .sc^gments. ns Gf.nnrrU ; some are long and tl.in 
ttllh inore than a Immli-cd segments, as O.u.pliifus. They mav U- 
bwuitilully columed with brillimu .'^treuks of colour, as' in >nme 

* ' V 
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«)t‘ the Julidae or Polydesmidae, or may be of a dull and rusty 
iron colour, or quite black. 

One of the strangest peculiarities found among Myriapods is 
that some of them (e.g. Gec^hiltis jhctricuiC)-a;r^ phosphorescent. 
As I was walking one summer evening near my home in 
Cambridgeshire I saw what I thought was a match burning. 
Ix)oking more closely, I saw it move, and thinking it was a 
glow-worm I picked it up, and was surprised to find that it was 
a Geophilus shining with a brilliant phosphorescent light. I let 
it crawr’d'^r my hand, and it left a bright trail of light Ijehind 
it, wliicli lasted some time. I have been told that this species 
is common in £ppiug Forest ; akso in Cambridgeshire. 

Besides G. eiectncus, G. j>)i 08 vh&rcu 8 has been described os 
a liiminoxis species by Linnaeus, on the authority of a Swwlish 
sea captain, who asserted that it droppeil from the air, shining 
like a glow-wonn, upon his ship when he was sailing in the 
Indian Ocean a hundred miles from land. 

What the use of this \>ho8 )>horescence may be is not known with 
any degree of cerUinty. It may be either ji gainst 

enemies, or else a means of attracting the two 

The places which t!»e Myriapods select for their habitation 
vary as much as their colour and size, though, with a few exc*ep- 
tions, they chose dark and obscure places. A curious species of 
Myriapod is Pteudoiremia cartriutrum (Cope), which is found in 
cerUiin caves in America. The peciUiar life it leads in th^ 
caves seems to have a great influence on its colour, and also 
affects the development of its eyes. Mr. Tackanl’s amount 
of them is worth quoting : “ Four specimens which I coUected 
in Little Wyandotte cave were exactly the same size as 
those from Great Wyandotte cave. They were white tinged, 
dusky on the head and fore part of the body. The eyes 
black and the eye-patch of the same size and shape, while the 

antennae are the same. , .... n 

“ Six specimens from Bradfonl cave, Ind. (which is a small 

grotto formeil by a vertical fissure in the rock, and only 300 tt> 

400 yanU deep), showeil luore variation than those from the two 

Wvandotte caves. They are of the same size and form, but 

sli'^hlly longer and a little slenderer. . . . The antennae are 

much whiter tlian in those from the AVyandotte caves, and tlie 

* See L. Jenyiw* Ols^rvaiions Niaf. LooJoo, 1S46, p. 2W. 
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head and body ai-e paler, more bleached out than most of the 
Wyandotte specimens. ... It thus appears that the body is 
most bleached and the eyes the most rudimentary in the Bradford 
cave, the smallest and most accessible, and in which consequently 
there is the most variation in surroundings, temperature, access of 
light and changed condition of air. Under such circumstances 
us these we should naturally expect the most variation.’* ^ 

A strong contrast to these animals is afforded us by the 
Scutigeridae (Schizotarsia). They are unknown in this country, 
but abound in some of the Mediterranean countries and in parts 
of Africa. They remind' one strongly of spiders, with their long 



legs and their peculiar way of running on stones and about the 
walls of housea 

Some years ago I was in ^lalta, and I used to go and watch 
them on the slopes outside Valetta, where they were to be found 
in great numbers. They used to come out from beneath great 
stones and run about rapidly on the ground or on the stones and 
rubbish with which the ground was covered, now and again 
making n dart at some small insect which tempted them, and 
seemingly not minding the blazing sun at aU. As might be 
expected from their habits, their eyes, far from being rudi- 
mentary, like those of the cave-living Pstudotremia, or absent 

• “ A BerisioD of the LysiopeUUdM, a family of the CliilogBath MyriaiKxIa, with 
a no^ of the gentui Cawbata," by A. S. Packawl, junior, Proc. PhU. iV. 

XXI. 1884, p. 187. 
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like those of tlie I’olydesniidae, or of our own Cryptops, uie 
highly cleveloi>eil, aiicl form the only example among the 
Myriapods of what are known as facetted eyes. The Scutigeridae 
are also remarkable among Myriapods for the possession of a 
peculiar sense-organ which is found in no other Myriapod. 

The Myriapotls most numerous in our own country are 
Lithvhius and Julus. Lithohiits, which will be descriljed later on, 
may be found in almost any garden under dried leaves, stones, 
etc. JuIhs, tlie co mmon wire-worm, is found crnwlimj on pla nts 
and leaves and vinder the bark of trees, and does a good deal (*f 
damage in a ganlen. Polydeamiis is a lso freouentlv fotuul i n 
great numWrs, and usually a great many of them togetlier. 
Ghmeris is also found, though it is not so common us the tirst 
two mentioned animsils. OcopkUus is also common, ami especially 
in the south of England. Scoloi»endridae are only represented 
by a single genus, Cryjjttqts, which is not very common, though 
by no means rare. The l»est place to find them is in manure 
heaps. The animals of this species are small comi>Jire«l tt» most 
Sc<»loi>cndra.s, and have the peculiarity of being without any eyes. 

is unrepresenteil in this coxintry. One was fovnnl 
in Scotland some years ago by ilr. Gibson Carmichael, but was 
shown to have ])een imported, an<l not bi-ed in the place. 

The means of defence posse.ssetl by these animals also differ 
very much in the diflerent species of Myriapods. In the 
Ceutiiredes the animals are j)rovMled with a powerful weapon in 
the greiit jroi.son claws which lie just l>enenth the mouth, and 
which are provided with large ixrison glanils, which .siipply a 
H\nd which runs through a canal in the hard substance tit the 
claw and pas.ses into the wound niaile l)y the latter. The effect 
of tins fluid is instaiitaneous on the small animals which form 
the food of the CentiiKMlc.s. I have myself watched LiHwhins in 
this countrv creep up to a hlue-bottle fly and seize it between the 
poi.si>n claws. One jKiwerfvd nip and the*blne-l.>ottle was dead, us 
if sti'uck bv lightning. I have alst) seen them kill worms and also 
tither Litliohiifu in the wnne way. M hen another Lithohins is 
w’ounded hy the poison claws it seems to Ije par.ilysed lielnnd 
the wi>uml. The Mille{>eile s. on the other luunl, hav e UU Bdvh 
<itfensive and tiefensive wea^ >on. They rely tor protection on the 
fluiil secreted by the Htiyinnhi rri n^inotoi dn (or //fmuiitlae odto'j- 
yrrix') lueiilioned ln-fore. This fluid hus^TJeen shown to contain 
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prussic acul, and has a very unpleasant <xlour. Most of tlie 
Millepedes are provided with these glands ; but in the cave 
Myriapods mentioned before, the animals have not to contend 
against so many adversaries, and these glands almost disapxHjar. 
Other Myriapods defend themselves by means of the long and 
stiff bristles with whi ch the}* are pro- 
vided, e.fj. the little Polyx enmt. This 
means of defence s eems to have been 
more common among the fossil Myria- 
po<ls than among t hose still livinif . 

Variations in the shape and size of the 
limbs are numerous, as miglit beexpected From 

in so large a class of animala One of ^ 
the most curio\is of such variations is found in a Centipede of the 
Scolopendra trilie, called Exic&ryhas, in which the last limbs are 
flattened oat and provided with paddle-shaped lulies. The use 
of these is xinknown, but it is probable that they are concerned 
in some way with the breeding habits of the animal Tlie 
habits of the Myriapods connected with their breeding are most 
interesting, but have Ijeen very insufficiently investigated There 
is no doubt that a full inquiry into all sucli habits would l>e of 
great interest, and woukl help to answer some of the problems 
which are still unsolved in these forms. My own observations 
refer to two forms— Un'rstHs am ong the Alillepedes, and 
Lithohius forjicatus amo^ the Centipedes. Julus tcn'cstris is 
one of the most conunon of the English Millepe«les, and can be 
ensil^obtainetL I ke^lTiem i n large shallow g T^vt ^ls wfth 
tt layer of earth at the Iwttom. and thns was able easily to 
watch the wliole process. They breed in the months of }ifay, 
June, and July. The female Julus when about to lay her eg‘'s 
sets to work to form a kind of nest or receptacle for lier egga 
She burrows down into the earth, and at some distaiwe Wl^iw 
the surface begins the work. She moistens small bits of eartli 
with the sticky fluid secreted by her salivnrj’ glands, which 
l^ome extraordinarily active in the spring. She works up 
these bits of earth with lier jaws and front legs till they are of 
n convenient size and shape, and places them together M^ieu 
complete, the nest is shaped like a hollow sphere, the inside 
l«iDg smooth and even, while tlie outside is rough and shows 
the shape of the small knol>s of earth of whicli it is composed 
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She leaves a small opening in the top. The size of the whole 
nest is about that of a small nut. When she is ready to lay her 
eggs she passes them through the hole in the top. an«l u.sually 
lays about 60 to 100 eggs at a time. The eggs, which ai-e very 
small, are coated with a glutinous fluid which causes them to 
adhere together. When they are all laid she closes up the 
a^)erture with a piece of earth moistened with her saliva ; and 
having thus hermetically sealed the nest, she leaves the whole to 
its fate. The eggs hutch in al»out twelve days. 

A natmalist named Verloef has lately found that the males of 
some Julidae undergo certain changes in the form of the legs and 
other organs in autumn and s)>ring. These changes are jirobahly 
connected with the In-eeding of the animal, and lemind us of 
the changes undergone tluring the breeding season by .salmon 
among the fishes. 

Jidiis breed very readily if cai'efnlly attende«l to and well 
8upj)lie<l with food. If they cannot obtain the IVmkI they like 
they will not breed so well. I fouml that sliced apples with 
leaves and grass formed the I>e8t food for them. 

The process in the ca.se of JAthohit/s is much harder to watch. 
LUhohitts is not .so plentifid us Johts ie n'estria, and the animalH 
are more imimlient of captivity, more shy in their habits, and do 
not breed so i*eadily. 

In January 1889 I was given the use of a room in the Xew 
Museums at Cambridge, and was allowed to fit it up a.s I likeil. 
So that I was able to try the effect of different degrees of light 
and durkne8.s, ami of different degrees of warmth. I succeede«l 
in observing the wliole proces.s. The female Lithohivs is 
furnishe<l with two small movable hooks at the end of the 
umler .surface «*f the liody close to the oi«ning of the oviduct. 
These small lumks have l>een oljserved by many naturalists, but 
their use has, so far as I know, never been descrilicil IkjI'oiv. 
They play an iiiijiortant part in the proceedings following the 
laying c)f the egg. The time of breeding in Lithohivs is rather 
later than in Jvlas, and Ifcgins about June and continues till 
August. TIu're are first of all some convulsive movements of tlio 
last st'gmeiits of tlie body, and then in about ten minutes the 
egg ap]RNU-s at the entrance of the oviduct. The egg is a 
small sphere (about the size of a numl>er five shot), rather 
larger^lian that of Jvtvs, and is covered witli a sticky slime 
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RecreUMi l.y the large glan.ls inside the IkxIv, usually called the 
accessury glands. When the egg falls out it is iv<e>ve.l hy 
the little “h'c^oks, and is firmly clasped hy them. Tins is 
the critical moment in the existence of the Lttholnvs into 
which the egg is destined to develop. If a male sees 

the egg he makes a rush at the female, seizes the egg. and at 
once devours it. All the suliaequent proceedings of the female 
seem to l>e direebetl to the frustration of this act of cannihali.sin. 
As soon as the egg is firmly clasped in the little hooks she 
nislies off to a convenient place away from the male, and uses 
her hooks to roll the egg round and round until it is completely 
covered hy esirth, which sticks to it owing to the viscous material 
with which jt is coated; she also employs her hind legs, which 
have gliinds^ou the' thighs, to effect her purpose. When the 
operation is complete the egg resembles a small round Imll ol' 
mud, and is indistinguishable from the suiTounding soil. It is 
thus safe from the voracious appetite of the male, and she leaves 
it to its fate. The number of eggs laid is small when compared 

with the number laid by Julus, 

The hxKl in the case of JAthobiiis consistetl of worms ami 
hlue-lH)ttle8. which were, put alive into the glass vessel containing 
the Lithobius. I tried raw meat chopped up, but they did not 
thrive on it in the same way that they did on the living animals. 

1 also p\»t into their vessel bits of rotten wood containing larvae 
of insects, etc. 

I have succeeded in bringing Iwick some specimens of Pohjdesm ttx 
alive from Madeira, and in getting them to breed in thi.s country 
— of course in artificial warmth — and their way of laying eggs 
and making u nest ixisendiles that of Jufu$. GcophiU's has One 
curious habit in connexion with the fertilisation of the female. 
The male spins a w eb und .depositTln~tlTe~middle'drTt a singh* 
sjHU’nuitophore, and the female comes to the web to lx; fertilised. 
The ScoloiHjndridae are said to bring forth their ytmng alive, b\it 
I think the evidence for this is unsatisfactory. What have 
lieen taken for the young Scohq>endrae are jierhaps the large 
Kixfrmatophoi’ea of the male, which aiv not unlike a lai*val Myria- 
1 »«kI in size and shaix*. I have never l»een able to observi* the 
piYicess of brwding in this family. I have had the s|x*rinatopln>ves 
Sent me from (liVu’altar as "eggs,” but a little e.xamiuatiou soon 
allowed me tlieir ival character. 
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The moile «il‘ in'ojpvssion in tlie MyriajjiKls ilitlei-i} cunsideraldy, 
as might Ije exi>ecteil in it elass in which the nmnlier of legs 
Viii'ics ti> such an extent. The swiftest iitiionj' them are the 
Scutigevillae with their long spitler-like legs. The ycolojMMulritliie 
are Jtlso aible to move with consitlerahle ntpiility, iiml sn-e al.so 
iiMe to move tiiil forwitrtl iilmost its well its in the orilinarv 
manner. Where there are such a numlK'r of leg.s it Wcomes it 
curifius ijuestion ji.s to the order in wliich the aniniiil inove.s 
tliem ; iuul though severjil jieople have endeiivoured to find this 
out, the immla*r of legs to l»e moveil and the riipid nmveiuents 
liiive rendered iiccuriite oUservution imjx>ssihle. 

Some yejirs jigo I'rofessor K Hay Lankester trieil to study the 
onler in which the legs of ('entijiedes moved, jmd ciinie to the 
conclusion (recorde<l in an iimusing letter in May 

1S80) tliiit if the aninud had to study the question itself, it 
wouhl not get on at sill. He hnishes his letter with the follow- 
i>ig verses : — 

A Coiitij>ede was happy quite 
I'lttil a triad in fun 

Said, “ I’ray which leg ntoveii after which ?" 

This raised her doubts to such a i>itch, 

She ffll c.xhaustvd in the ditch, 

Xot knowing huvv to run. 

The progre.ssion ‘d Mill^l^des is mu ch slower than that f*f 
the CentijHtde.s, and it is remarkaht^ ttmt when the animal is in 
motion a sort of wave runs <hiwn the long frit ige-liko qI' 

I liavc emltuivoured to make out this naition, hut Itave never 
heeti able to umlerstand it satisfactorily. Mv belief was that 

W V 

the feet were moved in sets r>f live. 

This Wave-like iH.*culiarity of motion is tU*scril»ed in a curirms 
old book, All Xg-va/ finrui'dg H Xotu/’ni Jfigtoi'y i>f <SV/yjr’aA<. 
(-'liarle.s Owen, Jtl). I..ondon, 1742: "The A niluia. so the 
natives of llrazil call the Millejtetles and the Ceiitipedes, are 
serpents. Tlm.se reptiles of thotisami legs U*ml a.s they crawl 
ahjijg, and arr- reckoned very [KiisuMons. In the.se ^Inltii»edes the 
ini'chanisiii t>f the binly is vi-i-\ «*iiri_«>us: in their going it is 
(jl).servable that on ^•a(•ll siile of their Isalies <*very leg has its 
motioji, on** regularly after another, so_th at their legs, U*ing 
numerous, form a kiml «>f nmiulation, amt tlu'ndty coiummiicattt 
to the body a swifter pr*»grebsion than one c ouhl ima gine wher** 
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so many short feet are to take so many sliort steps, that follow 
one another rollinji on like the waves irf the sea.” 

Jtehire proceeding to the classitication of ilyriaixala, which 
will form the next pirt of this account, a few words on the 
common names for thorn may not lie without iutere.st. 

In Knglish we have the names Centipede and Millei>ede, 
and the Continental nations have similar names implying the 
possession <jf a lumdred or iL tlumsand leos . as the (Jernian 
“ Tau.sendfiisse ” and the French ” Millepieds .” Of course these 
are general words, simply implying the posse.ssi<in of a great 
imml«er of legs. Ihit we have also among the iwasiintiy a name 
for CentipoUes which conveys ai much more aiccurate ideal of the 
numU*r. The people of the eaistern counties (I daresay tlio 
term is more widely sin-eacl) caiU theau " forty legs.” This is not 
«[uite acciu-aite, hut as JAthohiua luis 17 legs on each side, auul 
St iihipcutlra (Cnjplops is the English 8i)ecies) Inis ran each siile, 
it is at letter aqapruximatiou than Cuntii>e<le. Ihit ainother 
country has a still moi'e accuviite term. 1 fouml some 
lii'iuh'ii in lieyrout, aind asked my mitive servaint whait he cadled 
tlieiai. He gave tliem what I aftrn'wards found wais the common 
Ai’aib naime for them, “'arliai wail 'arluirin,” forty-four legs. Xom 
the Sca)li>i>e)idnu», which in luatter climaites aue the chief I'epresentai- 
tives (if the Centipedes, halve aii tiuilly forty-two legs, or, if the 
)»oison claiws ai*e counted, forty-four. In l ooking up the Ar«dt 
term for Ceiitipeile I caime across ai curious description given (»f 
tlieni hy Avicenna, the greait .\nihiain physician : “ This is an 

aininiail k nown for its haihit of g;»ing int o eairs. For the most paii-t 
it is ai imh u*8 len gth ” [ailKiut four inche.s, which is the aiveraage 
length «if numy s^>eciejs]. “ On eaich si«le of the Unly it has twenty- 
two feet, and moves ecpuilly well either haickwairds or forwards.” 

With regard to it.s aalleged Irnbit o f going into ears , the 
leainieal Ai'uhiaii liais evialently maule :i false imputaition on tTIe 
ehairaicter of our auimail.amd hais prohiilily relied too much on the 
.‘»tc»ries t«ild him. He hais adso e.xaiggeniteal in stating Ihait it 
goi's e«jually well eitlier kickwairals or forwairals. Some Centi- 
lieales cam g«) liackwarals very eaisily and well, though n«»t so well 
aas forwards. l‘erhaip.s he preferivd exaimining dead specimens, 
which ailford am eaisy opixartiuiit v of eoiinting their li*gs, to expiU'i- 
menting with living animals, wliich might have resented liUulies 
taiken with them 
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The Persians have several words for tlieni, less accurate than 
the Arabs and more like oiir own terms. For instance, they call 
them “ Hazarpa,” or thousand feet, like our Millepede s ; als«» 
“ Sadpa,” or hundred feet, equivalent to our Centipedes. Another 
term resembles our common term before mentioned, " ChehlpJi,” 
forty feet. A more figurative term is “ tasbih dud,” a worm 
resembling a rosary with a hundred beads ; thi.s word is trans- 
lated in Richardson’s Persian Diction ary as '* a venomous insec t 
having eight feet and a piked tail.” 


Claasiflcation of the Myriapoda. 

Two of the principal writers on the classification of the 
Myriapods are Koch and Latzel . lK)th of whom have classified 
the whole group. I do not wish for a moment to undervalue 
the many authors who have done excellent work on the classifi- 
cation of different groups and families, but I wish here to give 
an outline of a classification of the whole class, and I natunilly 
Imve recourse to the authore who have treated the subjec t as a 
whole. 

Koch’s two works, the Stfstaii der Myriapoden"^ and Dif 
Myriapoden} cover the whole range of the class, and his divisions 
are deafly marked out and are easily umlerstootl, but both wvu'ka 
are comparatively old. He does not include the Scolopendrellidae 
or the Pauropidae, which are now included by all naturalistH in 
the MyriaiKKia. LAtzel is a more recent writer, and thoiigh his 
work is entitled The Myriapods of the Anstro-Hunynrian Empire,^ 
lie gives much information about Myriapods not found in 
Europe, and Ids work is fairly entitled to Ije consitlereil as 
embracing the whole class. He divides the Myriapwls into four 
Order.s, including the ScolojK'ndrellidae and Pauropidae. Ou the 
whole, I think it will be better here to take the classification of 
Koch, and to add to it the two Orders before mentioneil, viz. 
SymphyU containing one family the Scolopendrellidae, and l‘auro- 
poda K^th one family the Pauropidae. 

The Orders are as follows : — 

^ C. L. Koch, System dcr RcgensWrg, 1847. 

^ C. L. Koch, Die AlyriajtoiUn, Halle, 1863. 

^ Latiel, Die ifyriajfoden der (Esterreiehisch • Cnyariachcn MoMrcJiic. Wien, 
1880. 
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Order I. Chilognatha ( = Biplopoda) 

Antennae 7 joints, three anterior b od 3 ’^ rings with one pair of 
legs to each ring . Pos terior rings w ith two pairs of legs to each. 
Genital organs opening ventrally on the anterior rings of the 
posterior part of the body, i.e. on one of the anterior of the 
segments bearing two pairs of legs ; usually the 7th. 

This Order is divided into eight families : — 

Family 1. Polyxenidae. 

Ten body rings, not connting the neck>plate. Thirteen pairs of limbs. 
Eyes hard to find, on the lateral corner of the head (Fig. 18, p. 37). 

Family 2. Ghmtridaf. 

1 1 body rings. 1 7 pairs of legs. Eyes arranged in a rotv curved outwards. 



Fic. 19. — Glommt maryinaia. ^From C. !•. Koch, i/{« ^^jfriapo<leu.) 

Family 3. Sphatrolheriidae. 

12 body rings. 19 pairs of legs. Eyes crowded together in u cluster. 

Fio. 20. — Sphiurotherimn yrvaAum. (From C. L. Kocli, hit MyriapodeH.') 

Fanuly 4. JulHa'. 

Body cylindrical. More than 30 l>ody rings. Many eyes crowde<l 
together in a cluster. 



Flo. 21 — Julus nmoTtnnt. (From C. L. Koch, Die ATyriapoden.) 
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Family 0. Blanjulidae, 

Thill cylindrical Ixxly with more than 30 body rings. Eyes either 
absent or in a simple row beneath the edge of the forehead. 



Family 6. Chordeumulae. 

Resemble the rolyd€tmid<u (Fam. 7), but the head is longer and less rounded 
in the forehead. The antennae are placed more at the side of the head. 
Eyes small and numerous, in a cluster.' Body rings always 30 (Fig. 16). 


Family 7. Polydesmulae. 

Body cylindrical, with lobe or keel on the posterior part of the upper 
surface of the body ring. Always 19 body rings. ]S*o eyes. 



Fic. 23 . — Polydtsmua coKarw. (From C. L. Kocb, Die ilyriapoden.) 

Family 8. Polyxoniidae. 

Bo<ly with varying number of rings arched transversely downwards and 
ahai'p at the sides. The anterior port of the ring somewhat hidden. The 



Fic. 24 . — PUyzoniwn yennanieuvi. (Froui C. L. Koch, Die Mjfriajxtdm.) 

eyes in n simple row. The stigmata very small and placed near the lateral 
corner of the body ring. Head small in proportion to the IxkIj’. 


Order II. Chilopoda (or Syngnatiia). 

Antennae with innny Joints, at least 1 4. Only one pair of 
legs to each body ring. The genital opening on tlie lu.st ring 
of the body. Ba.ses of the legs widely separate. 

There are four families in this Order : — 
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Family 1. Lithobiidae. 

w 

Body with 9 principal and 6 subsidiary rings. On l>ot1i princiiMil and 
subsidiary rings one pair of legs, except on the last ring of the body. Many 



Fig. 25. — Lil/ioiiu* eri/lArocephaltu. (Trou C. L. Kocli, Dit 2/yriapodeiu) 

eyes ; the posterior ones large and kidney*shaped. Tlie antennae with many 
rings. 

Family 2. Scotopendridae. 

Body with 21 or 23 rings, no intennediate rings. Every ring with one 
pair of legs. The last pair ver>' long. Last pair at the point of the Inst 
ring. Four or no eyes. Antennae w'ich 17 or 20 joints. (Fig. 15, p. 31). 


Family 3. NotophUidae. 

Boily Very long, 200 to 350 rings ; alternate principal and subsidiary 





46 


MYRIAPODA 


CHAP. 


very thick. Coini>act or very short limbs. The terminal point of the last 
limb without claws. 

Family 4. Geo^hilidat. 

Body long, 80 to 180 rings, principal and subsidiary. No eyes. The 


# 



Flu. *n loni/icorttit* (From C. L. Koch, Dit Myriupotien*) 

maxillary palps not coinitact, and with first joint large. Last joint of the 
last i>air of legs with a sharp claw. 


Order 111. Schizotahsia. 

The tarsi of all the legs mtiltiarticiilate. The eyes facetted. 
I’eciiliar sense organ Ijeueath the head. 

F.ainily 1. Cermtiliidat {Scttlujerithtc) 

Antennae with unequal number of joints. Bo<ly rings, each with one 
pair of legs. Dorsal scutes not so large as vculial. Limbs long and 
iiiultiartii'uiate. (FiH* 17} 35). 

Onler(lV.? Symphvl.v. 

Myriapoils resembling Thysanxira* A pui* of limbs to ciieli 
segment. The antennae are siuiple anil inultiarticulate witli un- 
equal joints. Eyes few. Mandibles short. One i>air of maxillae. 
Xo maxillipedes. Genital orifice in the last segment ol the lioily. 
A single pair of tracheae. Two abtlominal glands ou the posterior 
|>iirt of the body. Two caudal apj>endages. tree dorsal scutes. 
Ventral scutes often with jwrapoiHa. 

Fainily 1. 

With the characters of the Order. 
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Order V.^Pauropoda. 

A jKiir of limbs to each segment. Antennae branched. 
Eyes few or none. Labrum and labium indistinct. Genital 
orifice at the liase of the second piir of limbs. Fi*ee dorsal 
scutes. Nine pairs of feet (always ?)• Some segments with 
sensitive hairs. Last segment the smallest. 

Family 1. PauroyUlae. 

Botly fleiuler. Dorsal scutes smooth. Limbs long and projecting from 
the lateral margins of the body. CuluiU' ^lale. 


Structure of the Myriapoda. 

Having now given n short view of the classification of the 
Class, I will proceed to give a general account of their structure, 
the variations in which have led to the divisions into the vai'ious 
Orders and Families. Their structure show.s resemblances to 
Meveral widely different classes_ of aiiinm^ cannot_ lielj) 

lieing impressed with their likeness to the AVorms, at tlie same 
time they have affinities with the Crustaceiins, and still more 
with the Insects. In the latter class the likeness of tlie Thy- 
sanuridae to ScoloptndrcUa and Pauropus have induced a cele- 
brated Italian anatomist, lhx)fes8or Grassi, to claim the former as 
the ancestors of tire Myria])oda. 

MjTiapfAls have a Iwdy wliich is segmented, as it is termed l 
that is, composed of a number of more or less similar imrts w 
segments joine<l together. ' 

One of the most important characteristics which distinguish 
Myriapods from other Arthropods is the fact that they possess 
on the posterior segments of the body true legs which are 
jointeil an d take part in locomotion. The liend is in a ll cases 
<|uite disti nct from the Iwily, mul may lie reganled as a number 
of segmentT fused together into inasa ?th^- heads are 
always provideil witli a single imir of mitennae and month 

an upper lip, a jaiir of mundiblet or 
j^iWH, ami one to two i«»irs of mftxillae. The mandibles resemble 
lliiwe of Insects, and are strongly too thed. In the Chilognatha 
a l«ir of maxillae arajused so as to for m a single oval appendace. 
In the Chiloi«Rla eacl> consist of a singde blade b^ing^a 
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short palp or leelor. The mouth ]>;<rt8 mav l utve the I'uniis 
known as che wing, hitin;j. or suctorial ( mniiHi 
appendages. 

With the exception of the terminnl segment, and in many 
cases tl>e fii-st or the seventh, each segment l»ears one or two 
pair s of limh s. These may )ie veiy long, as in i^uti;/er<i, or very 
.short, us in Pulyx enifs. They may Ite attaclied close to one 
anf*lher near the ventr.il middle line of the Ixxly, or may 
have their liases far apart from each other, as in the ('hilo|H>da. 
The exoskeleton or external armour is composetl t»f chitin>» 
''Chilojjotla) or of chitiu with culcareo^ s^dts iii— ii 

(Chilognatha). 

Their internal .‘stnictxire has a great likenes.s to that t*f 
Insects. 

Tl>e general jiasition of the internal organs may l»e seen fr«»in 
Kig. 28, whicli shows a Lithobins dis.sected so as to exhibit the 
tligestive ami nervous systems. 

The fUtiestive coixtl , \\\i\i:\i is a straight tidie, extends lliro^dj- 
out the whole length of the Issly, anti terminates in the la.st 
segment of the Ixaly. It may Ik.* divided into the following 
parts : - - 

1. A narrow oesophagus, lx;ginning with the mouth ca* huccal 

cavity, and receiving' the contents of two or moiv 
sjilivary glands (r/y 

2. A wide mesenteron or mid-gut (a) extending throughout 

almost the whole length of the lioily. 

.'5. A rectum which at its Junction with the mid-gut receives 
the contents <)f two <»r fovir tohcaijf, A) which 

I'unction as kidneys. Their function was for ;t long 
time unknown, hut the «liscov«'ry of crystals of uric 
aciil in them placi'd the matter la-yond douht. 

/7/ff hrort has the form of a l«uig [uilsating dorsal ve.s.s»d 
which extends Ihniugh tlie whole length of the animal. It is 
divided into a nnnilH'r of ehamiM'rs, which aiv attached to the 
dorsal wall of the IkmIv, and art^ furnished with niusele.s of a 
wing-like shajH*, which are known as the alary muscles, and 
which govern its piilsiition.s. The ehnudierK are furnished with 
valves and arteries for the exit of the hhsMl, and slits known as 
nsHa for till* return of the hlood to the heart. The Idrssl entei's 
the <-hamlK*rs uf the heart from the b«xly cavity through the 
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ostia, and passes out through the arteries to circulate througli 
the organs of the body and to return by the ostia. 

The two figures below (Figs. 29 and oO) show the position of 
the arteries and the ostia in a single segment of the body. The 
heart is too small and delicate to be seen with the naked eye ; it 



Pio, ^8. — LifhM\*$ dis* 
secteL (AfUr Vogt 
and YuDg.) 

antennae, 
poiaou claws, 
c, braiu. 

</, salivary 
€> legs. 

/, nerve cord. 
i/t Malpighian tube. 

/<> Malpigbiau tulie. 
iy veslculn semiiialU. 

accessory gland. 

I'f accessory gUud. 

/. testis. 

thigh gland. 
f(, digestive tulie. 


therefore requires tlie aid of tl.o mioroacopo. A freshlv-kilied 
unuMl was therefore taken and prepued in tl.e nmnuer' known 
to all m.cr.^op.8ts, and. extreme!, • tl.in sliecs or sections ent 

len'^tl"* f H sections cut tile wllolc 

lenpli „t the heart m one segment, which was accordingly drawn 

tmder tlie microscope (Fig. 29). and shows a longitudhrul liori- 

^ 01.. V 

E 
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zontal section through the whole length of the heart in a single 
segment, with the two ostia at each end of the segment and the 
two arteries in the middle. 

The arteries, when they leave the body, pass into masses of 
fatty tissue on either side of the heart, and the other figure (Fig. 
30) is intended to show the artery leaving the heart and penetrating 
into the fatty tissue. The figure is taken from the same section 
as the former one, but is much more highly magnified, so as to 
show more detail. The delicate coats of the heart are shown, 
the artery being covered with a clothing of large cells. 



Flo. 29. — Heart of 
Julns Urrt^tris 

sbowinf? ostia (oaf) 
anO {Art) 

fnagiiified. 



Fic. 30. — Heart of Julus terrtstris ^^howiog structure of 
artery (Art.) aod externa) coat of heart (txt.c), a)so fat body 
(/’6), )iig)i)y magnified. Nt, The cavity of the heart. The 
circular muscle fibres which su.TOunds the heart are shown 
just below the external coat {exi.e) ogl, Oil globules of the 
lat body. 


Myriapods breathe by mean.*? of tracheae, with the exception of 
the Scutigeridae, which have an elementary form of lung which 
resembles that of spiders, and will be mentioned further on. 
These tracheae, as in Insects, are tubes lined with chitin, which 
is arranged in spiral bands. The tracheae open to the exterior 
by openings called slirmala, through which they receive the 
external jvir, which pas-ses into the main traclieal tubes and into 
their ramifications, ami thus effects the aeration of the blood. 

The nervous system of the Myriapods consists, as in Insects, 
of a brain, whicli may be more or less developed, a circum- 
oesophageal ring embracing the oesophagus, and a ventral chain 
of ganglia, and in some cases (Newport) of a system of visceral 
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nerves. With the nervous system we may mention the sense 
organs, the eyes, which are present in most cases, though 
wanting, as has been already stated, in many groups. They are 
-usually present as clusters of ocelli or eye spots closely packed 
together, or (in Scutigerd) as peculiarly formed facetted eyes. The 
sensory hairs on the antennae must be reckoned as sense organs, 
as also the tiifts of sense hairs on the head of Polyxenus. &nti- 
gera has also a peculiar sense oi^an beneath the head, consis.t- 
ing of a sac opening on the under side of the head full of 
.slender hairs, each of which is connected at its base with a nerve 
libre. Except the eyes, the Myriapod sense organs have usually 
the form of hairs or groups of hairs connected with nerve fibres, 
which commimicate with the central nervous system. 



Flo. 31. — Un<Ier si<le of the heed 
of SciUiyerti eoUoplmtn, with 
sense organ, eo. Opening of 
sense organ to the exUrior ; 
o, sense 'ofgan shown througli 
the chitin ; »«, mouth ; oe, 
eye ; uul, maxilla ;/ furrow in 
the chitin. (HeathcoU, Sense 
organ in &iaigera a-Uoplraia.) 



Flo. 32. — H^hly niagnifieU section through head 
of Polyxenua lagxtnia, showing setfw organ, 
exf.euf, external cuticle j f, lube surrounding 
base of sense hair; pang.e, giuigUon cell. 
(IJeathcote, Anatomy of Polyxenua liiguriia.) 


These two sense organs are shown in Figs. 31 and 32. 
tig. 31 sho^vs the under side of the head of Scutigera (Fi<r. 
V- position of the sense organ and its dpenin” 

tig. 31. is part of a section through the head of Pohjxemis with 
two of the sense hairs. Each spine or sense hair fits into a cup 
in the chitm of the head ; and the lower or internal part, which 
IS (livuled from the upper or external^ part by a rim, is joined to 
a ganglionic nerve cell (gang.c.). 

The Myriapods are of separate sexes, and the generative 
oigans in both cases usually liave tile form of u long uupafre.1 
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tube, whicli in the male is connected with accessory glands, and 
in the female is usually provided with double receptkcula 
seminis. The generative openings usually lie near the base of 
the second pair of legs (Chilognatha), or at the posterior end of 
the body (Chilopoda). In the Chilognatha there is usually in the 
male an external copulatory organ at the base of the seventh pair 
of legs, remote from the genital opening. 

The preceding account of the anatomy of the Myriapods has 
shown us the general characteristics of the whole group. I shall 
now take each of the five Orders into which the class is divided 
in the classification adopted in this account, and endeavour to 
explain the differences in anatomy which have led to the estab- 
lishment of the Order. The first Order with which we have to 
do 18 that of the Chilognatha, which includes a large number of 

Myriapods ; no less than eight families, some of them includiu" 
a great number of forms. ® 


Order L Chilognatha. 

The Chilognatha differ from otlier Orders in the shape of the 
body. This is in almost all cases, cylindrical or sub-cylindrical, 
instead of being more or less flattened as in the other Orders. 

Ihe body, as in all other Myriapods, is coinixi.sed of segments, 
but in the Chilognatha these segments are composed, in almost 
all cases, of a complete ring of the sulistuiice of which the 
exoskeleton (as the shell of the animal is called) is composed. 
This .substance is in the case of the Chilognatha chitin (u kind 
of horny substance, resembling, for instance, the outer case of a 
beetle’s wing), containing a quantity of chalk salts and colouring 
matter; the substance thus formed is hard and tough. In other 
Or<lei -8 the chitin of the exoskeleton is without chalky matter 
and is )iiuch more fle.xible. The length of the body, us may Ije 
seen from the chissificution, may be either very long, us in Julus, 
or very short, us in Glomevis. 

The next anatomical character distinctive of the Order is 
the form of the ap)>endages. First, the antennae. These are, as 
a general rule, much .shorter than in the Cliilopods, never 
rejicliing the length of hall the body. They are, as a rule, club- 
shuisid, the terminal half being tliicker than the half adjoining 
the body. 
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Tlie next appendages to be mentioned are the mouth ;parts. 
These differ in form from those of tlie other Orders, and their 
differences are connected very largely with the fact that tlie 
Chilognatha live on vegetable substances. Their mouth parts 
are adapted for chewing, except in the case of the Polyzoniidae, 
the eighth family of the Order, in which, according to Brandt, 
the mouth parts are adapted for sucking, and are prolon<»ed 

into a kind of proboscis. The mouth parts of the ChilognatJia 
consist of — 

(1) An upper lip. A transversely-placed plate, which is fused 
with the rest of the lieatl. 



(2) A pair of powerful mandibles or jaws adapted for mastica- 

tion, and moved by powerful 
muscles. / and g in Fig. 33 
.shows these mandibles, while 
the rest of the figure consti- 
tutes the broad plate (No. 3). 

(3) A broad plate covering the under 

part of the head and partially ^ 

enclosing the mouth. This Fic. — Mouih paru of 
structure, which, as we shall (From c. u 

afterwards see. is formed by 
the fusion of two appendages 
wliich are distinct in the 
animal when just hatched, has 
l»een called the deutonmlae, 
the jaws receiving the name of 
protoinalae. 

After the mouth parts we come to the legs. We first notice 
the fact that the bases of the legs in ei.eh pair are closely 
approached to one another. They are so set into the body that 

touch. Tins ,s the case in almo.st all Chilognatha, e.ycept in the 

featurrs'-'^tV'"' “ important 

in he f 1 l^c.dinrity 

l“t om wh Th “ . 

T rr ’ “ e-mup by thennselvea 

IturnlTS^^ '* oalled by some 

nutmnhst., D.plo,.ud«. As n genernl rule, the first four segments 


Kocb, Die System drr 
Myriapoden.) f and y, 
The mandibl&v T)je parU 
marked n, h, r, d, e are 
lirmly united and consti- 
tute the broad plate No. 3. 
They have received the 
following names— rt, 6, In. 
temal stilus ; c, external 
stii>e.s ; rf, nialellae ; e, 
bypot^toma. 
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have only three pairs of legs l>otweeu them, one of them being 
without a pair of legs. This legless or apodal segment is 
usually the third. From the fifth segment to tlie end of the 
body all the segments have two pairs of legs each. The legs ai-e 
shorter than those of the Chilop<tds, and are all nearly etpial in 
size. This is not the c<ise in the t.ther Orders. The legs are 
commonly wanting in the seventh segment of the male, ami are 
replaced by a copulatory organ. Tliis i)eculiarity is related to 
the ilifferent position of the generative openings in the Chilo- 
gnatha. Another anattmiical feature peculiar to the Chilognatha 
is the ixissession of the stink glands — the (jlaiidulae odovifemc 
before mentioned. This, however, is a character which doe.s not 
hold for all the Chilognatha, since the l^olyxenidae have none ol‘ 
the.se gland.s. All the other families, however, possess them, and 
they are pre.sent in none of the other Orders. 

As regard.s the internal anatomy of the Chilognatha, the 
dhjesln'e canal differs mainly in the glands which supj>Iy it with 
Secretions. It receives tlie s^ilivu from two long tubular sjilivary 
glands, which open at the base of the foui’-lobed plate whicJi has 
been mentioned as the third of the mouth appendages. The 
secretion of these glands is used, as lias already Wn stiid, in the 
process of preparing the nest for the eggs. We cannot fail to 
be reminded of a similar function of sjilivary gland.s in tho.se 
swallow.s, which prepare tlie nests of which bird’s-nest soup is 
made with the secretion of the salivary glands. Another feature 
in the form «if the digestive tube is that in many case.s, if not in 
all, it is marked with constrictions which correspond with the 
segments of the body. 

The heart in the Chilognatha is not such a highly developerl 
organ as in the other Orders. The muscles which have already 
been mentioneil as the alary muscles (or wing-shaj^ed muscles) 
are not so highly <leveloped, and consist for the most part of a 
few muscular filire.s. The muscular wall.s of the lieart, which 
consist f>f three ]ayer.s, have the muscles less strongly devehiped, 
and are in general mlapteil for a less 'energetic circulation. 

Tlie tracheae, which ojhui into the stigmata, as has alreaily 
been said, branch into tufts of fine tubes, but the inmifications of 
these tufts never join (or anastomose, as it is called), and con- 
sequently we never get, as in the other Orders, long tracheal 
truuk.s running along the body. 
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Tlie nervous system, in addition to the existence ot‘ the 
visceml nerve system described by Ne\v'port, shows a iiiarkeii 
l*eculiurity in the form of the ventral ganglionic chain. A.s 
has already l)een said, the nerve system consists of a br<ain or 
mass of ganglia fused together and connected with the ventral 
nervous * cord by a collar of nervous substance surrounding the 
oesophagus, and genenilly known us the circumoesophageal collar. 
Tlie ventral nerve cord is a stout cord of nervous substance 
passing along the whole length of the animal, and situated below 
(or ventral to) the digestive tube and the generative system. 
This ctird is enlarged at certain points, and these enlargements or 
swellings are called ganglia, while from the ganglia pass ntf 
nerves which supply the diffei'ent organs of tlie hotly. In the 
Chilogiiatha the cord lias a compressed appearance as if the 
ganglia wei*e pressed into one another in such a way tliat it is 
very bard to distinguish any ganglia at all. If we use the 
microscoi>e and examine sections cut transversely through the 
cord, we see that it is not a simple cord. Even if we examine 
the nerve cord with a simple lens, we see that a furrow runs 
longitutlinally down it, and the use of the compound luicroscojn* 
shows us that this furrow represents a division into two cords in 
such a way that the single stout coi-d as it appeared to the nuked 
eye is in reality two cords running side by side, and so om- 
pressed together that the substance is partly fused together. 
The ganglia too are double, lieing swellings of the two cords and 
not a single enlargement on a single cord. As we shall see in 

the other Orders, this arrangement constitutes a characteristic 
distinction. 

The gerurative organs consist of a long tubular ovary or testis 
lying along almost the whole length of the body and placed 
betweeji the digestive organ and the nervous system. Near its 
exit from the body the long tulie divides into two short tubes, 
tlie oviducts in the leinale or the rasa Jrfcrentia iu the male. 
These ducts open iu the third segment of the body, unlike 
those of Myriapods l*elonging to other Orders. The accessory 

glands present iu most other Myriapods ai'e not present iu the 
Chilogmitha. 

The general arrangement of the organs of the Chilogiiatha 
may be seen from Fig. 34, which represents u ti-an8vei>se section 
through the body of Polyxenus (Fig. 18). A comparison of 
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these two figures (Figs. 34 and 18) will show the position of the 
organs mentioned in this account. The heart is shown witli 
the suspensory and alary muscles attached. 



Tio, 34 , — TransverM section through Polyxentu layunu: f,n^e^ ganglionic and 

fibrous parts of nerre coni ; RecM/tj receptaculuro seroinis ; ari.iict, oriduct ; 
Spmzoaf epermatoza. (From HeatbcoUp Anatomy of Pdyzenus Icyurtu,) 


Order H. Ohilopoda. 

The shape of the body differs from that of the Order which 
has been just described (Chilognatha), inasmuch as it is not 
cylindrical but flattened, the back, however, being more arched 
than the ventral surface. In this respect, however, it cannot be 
said to differ from the other Orders which we have yet to describe. 

The segments are not formed by a single ring of the 
exoskeleton, which in this Order is formed of chitin, and is tough 
and flexible rather than hard and strong ; but of two or three 
plates which form a covering to the segment. The back is 
covered by a large plate known as the ierguni, the sides by two 
plates known us -pleura, and the ventral part by u plate called 
the; nternum. The pleura and sternum are, however, in most cases 
fused together or indistinguishable. In tliis, as in most of the 
anatomical peculiarities, there is a much greater difference 
between the two Orders Chilopoda and Chilognatha than between 
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the Chilopoda aud the other three Orders which have still to be 
described. 

The Chilopoda have only one pair of appendages to each 
segment of the body instead of two pairs like the Chilognatha. 

The antennae of the Chilopoda are as a rule very long, and 
are always longer than in the Chilognatha which we have just 
described. They differ from those of the Schizotarsia (the third 
Order, which will be the next to be described) in having the 
basal joints nearer together ; in other words, they are differently 
placed on the head. They differ from those of the Pauropoda 
(the, fifth Order) in being straight and not branched. As a rule 
the antennae of the Chilopoda taper towards the extremity. 



A Be 

Fio. 35.— Mo»ith parts of LWubixu (LaUel). A, Haad of LUMiu* aceo ftora the 
under surface alter removal of poison claws : a, second maxilla • h, e. tbe two 
ahafu of tbe first maxilla. B, One of tbe mandibles. C, The two poison 


The mouth parts are more numerous than in the Order we 
have just described (the Chilognatha). They consist of— 

1. An upper lip. This is a transverse plate as just described 

in tlie case of the Chilognatha, but it is not always 
fused with the rest of the head. It is also usually 
composed of three pieces, two lateral and a middle piece. 

2. A pair of jaws or mandibles, which are not of so simple a 

form as those of the Chilognatha, but rather resemble 
those of some of the Crustacea. 

3 and 4. Two iMifr.s of appendages called maxillae resem- 
bling feet, but us^^d to aid the act of eating instead 
of locomotion. They are very different in different 
ChUopods, but are mostly slender and weak and usually 
provided with feelers (or palps) growing out of the 
main stein. 
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5. The next pair of appendages are the first pair of the legs 
of the body, which are also metamorphosed to serve 
a function different -from the ambulatory function of 
the other limbs. These are the poison claws, and the 
possession of these forms another distinction between 
the Order we are now discussing and that of the Chilo- 
gnatha. At the same time the third Order, that of the 
Schizotarsia, has poison claws, so that this feature does 
not separate the Chilopoda from all the other Ordei-s. 
These poison claws are large curved claws connected 
with poison glands, the secretion of which flows through 
a canal which opens near the point. 

The leffs are longer than those of the Chilognatha, but not so 
long as those in the next Order to be described (the Schizotarsia). 
Their number is very various, from 15 pairs in Lithohins to 173 
in the G^ophilidae. Latzel notes a curious point in the number 
of the legs in this Order, namely, the number of pairs of legs is 
always an uneven one. Tliere are always one pair to each seg- 
ment. The last pair of legs is always longer than the other 
pairs, and this is a peculiarity of the Order. 

The digestive tube resembles that of the other Orders, but 
the salivary glands are not long and tubular but short (Fig- 28, 
f^). It is, moreover, not marked with constrictions corresponding 

with the segnients of the body. 

The tracheal system or the system of respiration may l)e 
said to be more highly developed in this Order than in any 
other. The tracheal branches anastomose with one another (that 
is. the branches join), and in some cases form long tracheal stems 
running along the body almost for its whole length. The numbei 
of the tracheal oj>enings or stigmata varies and does not correspond 
with the nmnber of segments. 

The Tiervous system differs considerably from that in the 
Order Chilognatha ; it resembles that in the Schizotarsia, and 
differs again from that in the other two Orders, Symphyla and 
Pauropoda. The brain shows some differences from other Orders 
chiefly in the development of the different lobes which are con- 
nected with the sense organs, the eyes and antennae, for instance , 
but the most marked difference is in the ventral ganglionic cord. 
First, the ganglionic swellings are much more clearly marked 
than in the Chilognatha. Secondly, the first tliree ganglia differ 
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from the others in being nearer to one another and forming a 
single mass when seen by the naked eye, though when examined 
by the aid of a microscope we can see all the different parts are 
there. Thirdly, the division into two cords mentioned in the 
Chilognatha is carried to a much greater extent. The ganglia in 
each segment can be seen plainly to be double, and the cords 
connecting the ganglia are two in number. We can plainly see 
that the ventral nervous system of the Chilopoda consists of two 
cords lying parallel to one another, and each having a ganglionic 
enlargement in every segment. Whether a visceral nervous 
system is present in the group is doubtful. 

The eighth family of the Chilognatha, the Polyxeiiidae, show 
an approach to the Chilopod nervous system. 

The generative system differs chiefly in the opening of the 
genital apparatus at the end of the body instead of in the third 
segment ; though this difference only separates the Order from 
the Chilognatha and not from the other Orders. They also have 
two pairs of large accessory glands (as they are called) connected 
with the genital openings. 

Order ni. Schizotaraia. 

The third Order of Myriapods, the Schizotarsia, show a much 
greater resemblance to the Chilopoda than to the first Order, the 
Chilognatha. There are, however, important differences to dis- 
tinguish them from all the other Orders. 

The shape of the body is short, thick, and very compact. The 
composition of the individual segments resembles that found in 
Chilopoda rather than that of Chilognatha. 

The antennae are very long, longer than in any of the 

Chilopods, and are composed of a great number of very small 

joints. The mouth parts show a greater length and slenderness 

than do those of the other Orders mentioned as yet. They con- 
sist of — 

1. An upper lip partly free, but fused at the sides with the 

rest of the head. The upper Up is in tliree parts, as in 
the Cliilopoda, but with the middle part very small and 
the lateral pieces large. 

2. A pair of jaws or mandibles. These are provided not only 

with teeth, as in the other Myriapods, but also with u 
sort of comb of stiff bristles. 
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3 and 4. Two pairs of viaxillae or foot jaws distinguished by 
their length and slenderness. 

5. The poison claws long, slender, and not sharply curved. 
The bases of the poison claws hardly fused together and 
short. 

The respiratory system in the Schizotarsia differs from that in 
all other Myriapods in the fact before mentioned, that they 
breathe by means of lungs and not by tracheae. There are, as 
before mentioned, eight dorsal scales in these animals ; each dorsal 
scale except the last bears one of the pec\iliar organs which I 
have called lungs. At the hinder end of the scale there is a slit 
which leads into an air sac, from which a num1>er of short tubes 
project into the blood in the space round the heart and serve to 
aerate it before it enters the heart. The heart, therefore, sends 
aerated blood to the organs, while in the tracheal-breathing 
Myriapods the blood is aerated in the organs themselves by 
means of tracheae. 

The poison claws are followed by segments bearing fifteen pairs 
of true ambulatory legs. These are covered by eight large dorsal 
plates, increasing in size from before to the middle of the body, 
the middle plate being the largest, and then diminishing in size. 

The -nervous system resembles that of the Chilopoda, but there 
is a special pair of nerves which supply the sense organ, which 
has been mentioned as peculiar to the Order. The ventral nerve 
cord shows a very clear division into two, the ganglia of the two 
cords being almost entirely separate. The first few ganglia are 
fused, as has been mentioned in the Chilopoda. 

The digestive tube resembles that of the Chilopoda. The legs 
are very long and slender, and the joints are beset with bristle.s. 
Both sexes have small hook-Jike appendages at the sides of the 
genital openings. 

The eyes have already been mentioned as being more highly 
developed tlian in other classes, in correspondence with the more 
active habits of the animal. The generative organs o|)en ut the 
hind end of the body, ns in Chilopotlo. 

The heiirt is highly developed, quite as much so as the 
Chilopfid Jieurt, the alary imiscles being strong and broad, anti 
tl»e arteries l>eing quite as jxirfect as those in any Myriapotl. 
The mu.scular coats which govern the pulsations by their con- 
tractions are powerful and well tlevelopecL 
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Order IV. Symphyla. 


We next come to one of the last two Orders which have 
been recentl 7 added to the Myriapoda. These little animals 
have a great resemblance to the Thysanura among the Insects, 
and especially to CampodM. among the Thysanum. It will be 
well, therefore, to begin our account with a few of the reasons 
which have induced naturalUts to include them among the 
Myriapods rather than among the Thysanura. 

1. Campodea has three pairs of mouth appendages, while 

Scolopendrella has only two. 

2. Scolopendrella has broad plates covering the back, not only 

on the anterior (thoracic) segmenU, but on the whole 

body. 

3. The terminal appendages of Scolopendrella differ from 

tliose in Campodea. 

4. Scolopendrella has a sense organ which is absent in 

Campodea. 


0 . Campodea breathes by means of three stigmata in the 
anterior part of the body. The stigmata of Scolopen. 
drella are hard to see. and are not in the same position. 
6. Scolopei^rella has twelve pairs of legs, and Campodta, like 
all Insects, has only three. 

i, L Tl” ,8“ ““ account of their annton.y. The body 
13 Biuall and slender, and is covered with a delicate shell or exo- 

skeleton of chitin, which is so thin as to be almost transparent. 

equll sir “f 


The mouth parts consist of 

1. An upper lip. 

2. A pair of mandibles, 
o. A pair of maxillae. 

others® Some are larger tl.an 

thers. The larger and smaUer segments are arram^d alter 

are twdve m I ^^ted, there 

are twelve leg-bearing segmeiita 
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The digestive canal is a long straight tube passing through 
the length of the bodj. In the middle it is much enlarged, so 
as to form a stomach with a glandular coat. Posterior to the 
stomach the digestive tube receives the contents of two Mal- 
pighian tubes which act as kidneya 

The tracheal system consists of a single pair of stigmata on 
the under svirface of the head, and the tracheae connected with 
them. 


Order V. Panropoda. 


The Pauropoda, which form the fifth Order of Myriapods, are 
as yet very imperfectly known. Pauropus was discovered by Sir 
John Lubbock, and its discovery was announced by him in 1866. 
He found this little Centipede in his kitchen garden among some 
Thysanufa, and at first considered it as a larval form, but 
continued observation showed that it was a mature creature. 
He described it as a small, white, bustling, intelligent little 
creature about ^ inch in length. 

The antennae are very curious and highly characteristic -of 
the Order. They resemble those of Crustacea rather than those 
of Myriapoda. Each antenna is composed in the following 
manner. First there is a shaft of four jointa From the fourth 
joint of this shaft spring two branches; one of these two 
branches is narrower than the other, and ends in a long thin 
bristle composed of a great number of jointa The other and 
broader branch bears two such bristles, and between them a small 
pear-shaped or globular body, the function of which is unknown 

The mouth parts consist of two minute pairs of appendages, 
the anterior i>air toothed and the posterior pointed. The body 
is rather narrower in front ; the segment behind the head has 
one pail’ of legs, the second, third, fourth, and fifth behind the 
head two each. The posterior legs are the longest ; the genital 
organs open at the base of the second pair of legs, between these 
and the third pair. The manner of breathing is as yet unknown, 
tracheae not having been discovered. 

Pauropus at first looks most like a Chilopod, but differs from 
that Order — 

1. In the form of the antennae. 

2. In the absence of poison claws and in the form of the 

mouth parts. 
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3. The opening of the generative organs being in the front 

part of the body. 

It differs from Ohilognatha in the following respects : — 

1. The legs ^re not of equal length, the ^posterior legs 

being the longest, as in Chilopods. 

2. ^The mouth parts differ from those of Chilognaths 

almost as much as from those of Chilopods. 

3. The form of the antennae. 

Only a few Pauropoda have been discovered as yet. 

Embryology. 

The preceding account of the anatomy of Myriapods would be 
incomplete without some reference to the wonderful manner in 
which the different organs of the body are built up ; the whole 
of the complex organism proceeding by a gradual and regiilated 
process of development from a simple cell called the ovum derived 
from the female body, and united with a cell from the male body 
(called the spermatozoon). I hope to be able to give my readers 
some idea of the interest which the pursuit of the difficult study 
of embryology adds to anatomy, by offering us a key to the inter- 
pretetion of the relations between our knowledge of the forms at 
present living on the earth and those which, we learn from 
Palaeontology, have inhabited our planet in past ages. 

Like all living creatures with which we are acquainted, the 
starting-point of My riapod life is_the osum, 
as it is called. This ovum is a ctll resem- 
bling, the cells of which the body of all 
living animals are built up, and which 
may be compared to the bricks, of which 
a building is composed. This cell or 
ovum is a small sphere of living trans- 
parent substance called protoplasm, and it 
is nucleated — that is, it contains a small 
spot of denser protoplasm called the 
nucleus, and within that a still smaller 
spot of still more dense protoplasm called the nucleolus. In the 
process of impregnatian the ovum unites with the male cell, and 
the cell so formed is called the impregnated ovum. This ovum 
has the property of dividing into two cells, each resembling the 



Fio. 36. — Young ovum of 
JxUus tcrre^tris : nwc/, 
nucleolus ; nucleus ; 
R, first eppeeimnce of 
yolk ; follicle cells. 
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parent cell from which it is derived ; each of these cells has, like 
the parent cell, the same property of dividing into two more, and 
so on. Thus from this continual process of division or reproduc- 
tion of every living cell, the materials are provided for the 
building up of the body. 

The regularity of the process of the division of the ovum, or, 
as it is called, segmentation of the ovum, is interfered with by 
the presence of food yolk. The cells formed by the process of 
cell division just described need nourishment, and this nourish- 
ment is supplied to them by the food yolk formed in the body 
of the ovum before the process of segmentation begins. It is 
easy to imderstand that tliis yolk, which is not alive like the 


S7. — l^tcr stAge : tiv, 
nacleolus ; e.p, nucleus ; 
y.^, yolk spherules ; ek, 
shell. 


cells, cannot divide like them, and therefore the segmentation of 
the ovum in Myriapods is irregular, as it is called. 

I will now go back a little and describe what happens to the 
ovum before the process of segmentation is complete. It increases 
in size and forms the supply of food yolk which is to provide the 
nutriment of the ovum. Then after impregnation the egg-shell 
is formed round it, and it becomes what we know as the egg. 
This egg is not a perfect sphere, but is oval (in most Myriapods) 
in shape. The egg is laid, and the process of segmentation begins 
shortly after it is laid, as has already been described. 

When it has been laid for about 36 hours, if we take an egg 
and, after proper preparation, cut it into thin slices known to 




II 


FORMATION OF THE EGG 


65 


microacopists by the name of sections, and examine it by means 
of tJie microscoj^e, we shall see that segmentation has resulted in 
this. Just beu^th the egg-.shell there is a thin layer of cells, 
one cell thick, which completely suirounds the egg. Inside 
this coat of cells is the food yolk, with a few cells scattered 
about in it at rare intervals, something like the raisins in a 
plum-pudding. 

With the next process the formation of the young Myriapod 
may lie said to begin. A strip along the length of the oval- 
8ha]>ed egg is thickened, and this thick nia.ss of cells represent.s 
the future ventral surface of the animal. The rest of the thin 
layer of cells already mentioned just below the shell will form 
the shell or exoskeleton of the future animal. The thick strip 
of cells at the ventral surface has by this time split into 
layers, so that, resorting to our microscope again, a section through 
the short axis of the oval-shaped egg — a transverse section — 
will show us — 

1. The egg-shell. 

2. A layer of cells completely surrounding the egg, thin 

everywhere but on the ventral surface. This layer is 
known to embryologists as the epihlnst. The thick 
part of the epiblast on the ventral surface gives rise to 
the nervous system. 

3 and 4. Two layers of cells connected in the middle, along 
the line of the thick strip, but separate elsewhere, and 
not extending roxmd the whole of the inside. These 
layers constitute what is known as the mesoblust, and 
give rise to the muacles and most of the internal 
organs. 


5. The scattered cells in the yolk. They are laipwn as the 
by^blast and give rise to the digestive canal. 

After this point is reached the formation of the organs 
beg^ The segments are formed in order from before back- 
^ds. First the head, then the next segment, and so on. 
When the number of segments with which the animal will be 
atched are formed, another process begins, and the tail end of 

the ^ distinguished, is bent towards 

^ides and is caUed the formation of the ventral 

V the sheU and comes 
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into tlie outer world. The vario\is processes may be understood 
by reference to the Figs. 36, 37, 38, 39, which are succes- 
sive stages in the development of a Chilognath. Figs. 37, 38, 
are thin slices through the shorter diameter of the egg, which, as 


m.R. 



Flo. 38. — Transverse section 
through next sU^e : rnk^ 
keel-like mass of cells from 
which the mesoblAJt is pro- 
duced ; ec, epiblasU 
Heathcote, Post. Emb. Dev. 
* of Jiilus Urreatri^ ; Phil, 
Trans, voh 179, 1888, B.) 


before mentioned, is an oval in shape. Fig. 39 is a section 
through the longer diameter of an egg in a more advanced stage 
of development, in fact just about to biirst the shell. The body 
of the future animal is marked by constrictions, the future 
segments. Some of the organs are already formed, as the brain 

G. 39. — Longitu- 
dinal section 
through later stage: 
Segt. 2, 3, etc., seg- 
ments ; Ceph,^g, 
head ; mes, meso- 
bl ast ; en, h y pobi as t ; 
st^fUtnn mouth ; pr, 
future anus ; viessn, 
gut ; as in 

Fig. 41. (From 
Heathcote, Post. 
Emb. Dev. of Julus 
(tTTCsiris , ) 

and the digestive tube, the openings of which will form the 
mouth (.^O and the anus (pr). 

Myriapods are hatched at different stages of development. 
The Chilognatha have only three appendages, which are so 
little developed that they are only small shapeless stumps, while 
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the Chilopoda liave the full number uf legs in some cases; in 
others only a small number of legs, but yet more than the three 
pairs of legs of the Chilognatha, and fully developed instead of 
stmnp-like. The eyes are usually developed late in the life of 
the young animal The bursting of the egg-shell is assisted in 
some Myriapods by a special Ivind of spike on the back part of 
the head. 


The Fig. 40 shows a young Chilognath which has just burst 
the shell and come into the outer world. 

It is still surrounded with a membrane 
which has been formed by its skin or 
epiblast within the egg. One eye-spot has 
been formed. 

Fig. 41 shows a longitudinal section 
through the young Chilognath shown in 
Fig. 40, and the next (Fig. 42) a transverse 
section through the same. In comparing 
the two bigs. 41 and 42 it must be remembered that they are 



Fig. 40.— Youog 

r<$tru just hatcbeU. 


Fio. 





•ec^ow in different planes through the animal showi in Fig. 40 
and therefore they only show a small portion, a thin sUce, of the 
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The first appearance of the mouth appendages has been 
already inentioned, and these are shown in Fig. 43, where the 



L. 


Fin. ^ 2 . — a, gut ; Malp.T, Malpighiaa tube 5 IT.C. nerve cord ; Tr.I, deep iiivagina- 
lion by which the tracheae are formed ; y.», yolk epherules still i>reeent ; L, first 
appearaoce of legs ; S.Sy pert of mceoblast. (Heathcote, Post. Eiub, Dev. of 
JhIms IcrrestrU.) 


small .stump.s that later on change to jaws are sliown. The 

figure shows the head of a young Chilog- 
nath seen from the lower side, and the 
second pair of stumps fuse together 
later on and produce the broad plate 
already mentioned as the characteristic 
mouth appendage of the Order. 

After the animal is hatched it has 
still, in the case of most Myriapods 
(those which are not hatched with all 
the segments complete), to undergo a 
further development, and in particular 
the eyes are still unformed. The pro- 
cess of development of the eye has only been followed out as yet 
in the Chilognatha, and in only one form, Julus, and is so curioiis 
that a short account may be of interest here. The develop- 
ment of the eye begins (in JiUus) on the fourth day after hatch- 
ing, and continues until the animal is full grown. A single 



Flo. 43. — Under surface of the 
head of a young Julus Ur- 
rtstris : pro.m^ rodimeutary 
jaws ; DeuLm^ rudiroentary 
Dioutb plate ; an, antennae* 
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ocellus or eye-spot appears first, and the rest are added one by 
one until the full number are reached. 

The first appearances connected with the formation of the 
eye take place in the celhilar layer just beneath the chitinous 
exoekeleton. This layer, called the hypodermis, plays an im- 
portant part in the organisation of the animal. It forms the 
inner layer of what we may call the skiu of the animal, and the 
cells of which it is composed secrete the chitiu of which the 
shell or e.xoskeleton of the animal is composed, and w'bich is 
moidted every year. 

The first process in the formation of the eye-spot is the 
thickening of the hypodermis beneath the chitin, just in the 
place where the eye will come. 

At the same time the cells of 
this thickened mass of hypoder- 
mis ^rete a quantity of pigment 
of a dark red brown colom*. 

Next the cells of the thick mass 
of hypodermis begin to separate 
from one another in such a way 
that a vesicle is formed. This 
vesicle is hollow inside, and the 
thick walls are fornmd from the Socen- 
cells of the thickened hj'podermic 
mass. This can be seen from 
Fig. 44, which represents a 
section through an ocellus when 
it is partly formed. From this 
vesicle the eye is formed. 

The wall of the vesicle near- 
est the exoskeleton gives rise to 

® . Pio- «•— Section throuph eye when first 

the lens of the eye, while the 

other walls of the vesicle form 
the retinal parts of the eye. 

The cells from the brain grow out 

and form the optic nerve connecting the retina with the brain. 
The whole eye spot is covered internally by a thin laeiubrone, 
formed not from the hypodermis but by cells from the inside of 
the body (mesoblast cells). 

In the Ohilognatha, the first Order of M 3 rriapod 8 , the young 



forniog: hypotlernib ; lens ; 

F, \V, Vf front wall of optic vehicle ; 
back wall of vesicle : cav. 

capsiUe. 
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animal leaves the egg with three pairs of appendages; the first 
ia\e already the form of antennae, the second will form the 

taken their proper form, while the third 
pair will fuse together and alter their shai>e so as to form the 
cunou.s plate that has already been mentioned as forming the 
secon.l pair of mouth appendages. Behind the mouth append- 
ages will come the first three pairs of legs. The whole \'oung 
|tminal on leaving the egg is enveloped in two membrane^ 
Ihe-se membranes are secreted by the outside layer of cells in 
the .same way that the shell or exoskeleton of the animal will be 
eventually formed, and represent the first two moults of the 

animal, which continues to moult its shell every year throuLdi- 
out life. ® 


Of the Chilopoda, the second Order of Myriapods, all the 
families leave the egg-shell with the full number of legs, with 
the exception of the Lithobiidae, which have seven pairs of le^^s 
including the poi.son-clawa The Schizotarsia, the third Orde* 
also have seven pairs of legs when hatched. 

The legs make their appearance not one by one but in 
batches (m Julus terrcstris in batches of five). The addition of 
egs and segments to the body takes place, not at the end of the 
bialy. but between the end segment and the pCiiultimate. 

This is a short sketch of the gradual development of the 
Myriapoda from the ovum to the fully-grown animal. It is. I 
am aware, a short and iiusufficieut account of all the beautiful 
processes by which the different organs take their rise, but ajiace 
is in.sufficient here, and too much detail would be out of place in 
a work of this nature, which only aims at giving an outline 
sketch of the group, which shall be inteUigible to the general 
reader who has not made a special study of such matters. 
Before leaving the subject, however, I must mention a few 
• •f the points of interest which are to be learned from the 
examination of the course of development which has been 
sketched here. One of the greatest puzzles in the natural 
history of the Order Chilognatha has alwa3*s been the double 
Kifgments, us they are called ; that is, in fact, the possession of 
two pairs »jf legs to each .segment, which is, as we have already 
said, a distingulsliing characteristic of the Order. As we have 
.seen, the Chilognatha at an earlj' stage of existence do not 
jM)ssess this characteristic, which is only peculiar to the adult 
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and half-grown forms. Now what does this mean ? Does eiich 
double segment in the full-grown Millepede represent two 
segments which have become fused together, or is each double 
segment, so called, a real segment resembling the segments 
present in the other Orders (for instance, Chilopoda), which has 
grown an extra pair of legs ? Both these views have been 
advocated by distinguished naturalists. Neither of them is, in 
my opinion, quite right when viewed in the light cast on the 
subject by recent investigations into the life liistory of the 
Chilognatha. 

A close examination into the minutiae of the growtli of the 
diflerent organs has shown us that the double characters of the 
double segments are more deeply seated than was iinagined. 
The circulatory system, the nerve cord, and the fiiat traces of 
segmentation in the mesoblast all show this dotible character, 
and the only single part about the segment is the broad plate 
covering the segment. Now in some of the most ancient of the 
fossil Myriapods this liroad plate shows traces of u division, as if 
it were in reality two plates fused together. "We have also to 
consider that the life history of the Chilognatha allows us to 
Wlieve that the peculiar cylindrical shape of the body shown in 
the greatest degret*. in the Julidac is attained by the tiuequal 
development of the dorsal and ventral surfaces of the body ; the 
ventral surface being compressed together till it is extremely 
narrow, and the dorsal surface, as it were, growing round it till 
the originally dorsal surface forms almost a complete ring round 
the body. Taking all this inti> consideration, we are justiHed, in 
my opinion, in concluding that each double segment in the 
Chilognatha is not two segments fused together, nor a single 
segment bearing two jiair-s of legs, but is two complete segments 
perfect in all pirticulars, but united by a large dorsaf plate 
which was originally two plates wliich have been fused together, 
and which in most Chilognatha surrounds almost the whole of 
two segments in the form of a ring. 

Again iii the Chilopoda we see that a great distinctive feature 
tliat separates them from the Chilognatha is the character of the 
ventral nerve cord, the cord being double and not single, a 
character connected with the fact that the bases of the legS arc 
widely separated from one anotlier. and not closely approached 
to each other, os in the Chilognatha. As we before said, a more 
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minute anatomical examination showed \is that this difference 
was not 80 great as appeared at first sight, the cord showing 
traces of a duplication. Well, are these traces superficial, or do 
they represent a state of affairs more or less similar to that in 
the Chilopoda ? Embryology helps us to answer this question 
also. In the early stages of the Chilognatha we find that the 
nerve cord has exactly the form of that in Chilopoda, showing us 
that the apjjearances in the anatomy ha<l led us to a right con- 
clusioji, and giving us a valuable confirmation of our views. 
These two examples will serve to show the kind of intere.st 
which attaches to embryology. 

Palaeontology. 

We have .seen that embryology enables us to look at the 
•Structure of the Myriapo<ls from a new standpoint, and to correct 
and supplen»ent the knowledge gaine<l from an examination of 
the adult animal. In the same way a study of the forms of 
Myriapods which have become extinct on the globe, and have 
been preservetl to us in a fossil form, gives a further opportunity 
of considering tlie relations of one form to another, and again of 
the relations of our group to other groups of animals now exist- 
ing on the earth. Myriapod foasils have been found in strata of 
great antiquity. The oldest of such fossils must have been 
among the first land aninuUs. The figure below shows a fossil 
Myriapod found in America, belonging to the Order of the 
Protosyngnatha which are only found in the Palaeozoic strata. 
It is a good example of the manner in which Myriapods were 
protected by bundles of bristles in the same way us the 
Polifxenvs of the present time. 

The ohlest fo.ssil Myriapods which have been discovered at 
the }>re.sent time are two species which have been found in the 
Old licd Sandstone in Scotland. To realise the antiquity of these 
Myriapods, it will be worth while recalling the typical fossil.s 
found in the Old Ited Sandstone, so as to see what the contem- 
poraries of these ancient Myriapods were like. Among the plants 
there were .Algae, Ferns, and Conifers, l>elonging to the lower 
divisions of the plant tribe. Among the animals there were 
Sponges, Corals, Starfish, Worms, Shell-fish, and Fishes, but none 
of the more highly organised of the animal or vegetable tribe 
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had appeared on the earth. The Jfyriapods of the Old Ked 
Sandstone, as has been before said, differ considerably from those 
of the present day, and as we proceed towards the species found 
in. the more recent strata we find them more and more like the 
ones at present living, till we get to the Polyxenus and other 
species found in amber, which are hardly to be distinguished 
from living forms. 

The next oldest fossil Myriapods are found in the coal 
measures, when both the animal and vegetable kingdoms were 
represented by more numerous and more specialised forma The 
fossil fauna of this period is characterised by the number of 
gigantic Amphibia, many remains of which have been found. 
The great forests and the abundant vegetation of this time must 
have been favourable to the existence of our class, and accord- 
ingly we find no less than 32 species of fossil Myriapods. Of 
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these most have been found in America, some in Great Britain, 
and some in CJermany. One well-preserved fossil of Xylohius 
sigillariae was founil by Or. Daw.son in America in the stump of 
A tree in the remains of a ibs.sil forest. The eyes, head, and 
legs were plainly seen under the microscope. All these fossils 
belong to the earliest or Palaeozoic period. 

The figure bel^w (Fig. 46) shows a fossil also from the coal 
formations of Illinois, America, belonging to the family of the 
Eiiphoberiidae mentioned further on. It shows a nearer approach 
to the Julidae of the present time. The limbs, however, were of 
very curious shape, and may possibly have been adapted to loco- 
motion in water as well os on land, and the small supposed 
branchiae on the ventral surface shown in Fig. 46, B, may pos.si\)ly 
have been an arrangement to render respiration in the water 
possible. 
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In the secondary period the Alyriapods were scantily repre- 
sented, or, at any rate, geologists have failed to find their fossils. 
The class is represented by a single specimen found in the chalk 
in Greenland. This fossil, which has been included in tlie 
Julidae under the name of Julopsis cretacea, may pjerhaps belon<^ 
to the Archipolypoda. 

Passing on to the Tertiary or ilecent period, we find the 
Myriapods again numerous, and more nearly re.sembling those 
living at the present time. They belong mostly to the Chilo- 
gnatha and Ohilopoda. They have been found in the fresh-water 
gj’psum of Provence in France, the brown coal of Germany, and 
the green river formations of Americiu Several have been found 
in amber. 

Fossil Alyriapods have been divided into four Orders, two 
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of which coincide with the Orders of living Myriapods ; the 
differences between the fossils and the living Myriapods having 
l)een held insufficient to warrant the establishment of a new 
Order. These two Orders are the Chilopoda and the iJiplopodu 
or Chilognatha (I)iplopoda is another name used by some writers 
for the group which we have hitherto called Chilognatha). The 
other two Order.s have sufficient differences from living forms to 
render it necessary to include them in separate Orders. 

The fossil M^Tiapods, then, are arranged as follows : — 


Order T. Protosyngnatlnc 
Order IT. Chilopoda. 

Order III. Arclnpolypoda. 

Order Chilognatha (or Diplopoda). 


The foIlf»wiug table will show the sjrecies that have been dis- 
covered in the different strota : — 
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2 species of /lrcntpo;ypo/f</. 

OW Red Sandstone J ^ 

. . (1 species PrQtosyntjnaiha 

Carboniferous | gj species ^rfAt;w/y/)ot7a 

■Permian (Rothliegendes of Gernian 7 ), 4 specimens bclonyiuH to the 
Julidac or Archipolypoda, 

^ • f Archipolypoda or 

Cretaceous, . 1 species | chUognatha 

17 species Ckilopoda 
f Diplopoda 

23 species | (CTii/ojnatha) 


Oligocene 


Miocene, 


. . ( Diplopoda 

1 species ^ ^chilognatka) 


I will now give a short account of the different Orders, and 
the fossil foi’ms which are inclwded in them. 


Order I. Protosyxigiiatha. 

This Order is represented by a single fossil (Fig. 45), dis- 
covered in the coal at Mazon Creek, Illinois, America, by Meek 
and Worth. It differs greatly from any of those in existence ut 
the present day. The body is cylindrical, and composed of 
ten segments. The cephalic appendages (that is, the antennae 
and mouth parts) are inserted into a single unseginented ceplialic 
mass (the head). Each segment behind the head bears a single 
dorsal and ventral plate of equal breadth and length. The 
limbs are placed in these plates with a wide space between the 
Iwise of each leg and that of the opposite one of the pair. Along 
the back, bundles of bristles are arranged iu longitudinal rows. 


Order n. Chilopoda. 

The fossil forms of this Order resemble those of tlie Chilopoda 
of the present day. The oldest of them are found iu amber. 
The following families have been found : — 

ZithoHidae. Several species have been found iu amber. 
Scolopendridae. One species iu amber, several species iu 
later Tertiary formations. 

Geophilidae. Three species iu amber. 

Two species resembling the Schizotarsia of the present day 
have been found in amber. 
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Order IIL Archipolypoda. 

The most numerous of the fossil families. With a few 
exceptions, all the ralaeozoic (that is, the oldest) MjT'iapods belong 
to tliis Order. The Carboniferous Archipolypoda seem to be 
much more numerous in the coal of America than in that of 
England. They resemble for the most part the Myriapods of 
the present day, except that all the segments without exception 
beai’ lega 

The families are three in numl>er. 

Family 1. Archiditmidat, 

Resemble the Polydtamidae of the present day. Two spcciea have been 
found by Page in the Old Red Sandstone of Forfarshire. He named them 
Kainpecaru. One found by Peach in the same formation is called Arcki- 
daf/ixu^ 

Family 2. Euphoberiidae. 

They show some resemblance to the JtUidcu of the present day, but the 
dorsal scutes, or plates of the back, are more or less perfectly divided into 
two divisions corresponding with the pairs of legs. The following are the 
principal fossils of this family : — 

AMixtherpcite^. Found by Meek and Worth in the coal at !^[azon Creek 
in America (Fig. 46). 

Enphoberia. About 12 species found at the same place as the last 
named. 

Amylispu. Found by Scudder, Mazon Creek, America. 

EUttxcxu. Scudder, Mazon Creek, America. 

Family 3. Arckijulidae* 

The dorsal plates nearly consolidated, but the division still apparent. 
Fossil forms are — 

Trirhijultu. Scudder, Maz^n Creek, America. 

Xylohiiis. Dawson. Found in the coal in Nova Scotia. Two species 
found at Mazon Creek, America. 


Order IV. Chilognatha. 

Families corresponding to those of the present day. The 
oldest sj^ecimens come from the chalk in Greenland ; most of tlie 
othei*s from amber. 

Family 1. GloTMridae, One form, G. dent.culaia^ has been found iu 
amber. 

Family 2. Polydtamidat. Two species in amber. 

Fanuly 3. Lynopetalidne. A number of species, amongst which ore 6 
Cra^pe^loBoma^ mostly from amber. 
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Family 4. JuM<u. A number of species of tins family 
found, some in amber, some in other Tertiary strata. Ainonyst the latter 
probable example of Julia terrestra, living at the present tune. 

^ Family 5. PolifMnid<u. Five species have been found m amber. 


Now that tve have considered the structure of the Myriapods 
and the groups into which they aie subdivided or cla^ihed, we 
may proceed to consider what position they hold m the ho«^- 
hold of nature. That they present certain features of similaritt 
to other daase.s hits l)een already mentioned, and that this i.s the 
fact caiuiot be doubted when we look back at the way m which 
they have been classified in the work-s of e^rly writers. For 
example. Lamarck, the great French nuturaUst. cla.««ifies them 
with spiders in his well-known work, Za Philosophxe Zoologiquf, 
under the name of Arachnidcs antennistes. Cuvier, tlie com- 
parative anatomist, unites them with the Insects, making them 
the first Order, while the Thysamua is the second. We have 
already seen that one Order of Myriapods, the Symphyla, hears 
a great resemblance to the Thysanura. The English naturalist 
Leach was the first to establish Myriapods as a class, and his 
arrangement has been followed by all naturalists after his time. 
But while their peculiarities of structure and form are sufficiently 
marked to separate them as a class, it cannot be denied that the 
older naturalists were right to recognise that they have many 
essential characteristics in common with other classes of animals. 
And recent investigations have emphasised this fact. For in- 
stance, let us consider the recent discoveries of the Orders of 
Symphyla and Pauropoda, Orders which, while bearing so 
many of the characters of Myriapods that naturalists have 
agreed to place them in that class, yet resemble in inauj 
important points the Insect Order of Thysanura. This seems to 
justify Cuvier in claiming the close relationship for them that 

he did. 

Becent investigations have also brought out more prominently 
the resemblances to the Worms. Of late, considerable atten- 
tion has been directed to Peripatusi^Q pp. 1 - 26 ), and the resem- 
blances to the Myriapods in its anatomy and development are 
such that Latzel has actually included it in the Myriapods as 
an Order, Malacopoda. Now PeripaUis also shows resemblances 
to the annelid Worms, and thus affords us a connexion to the 
Worm type hardly less striking than that to the Insect. This 
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resemblaace to the W^ornis, which ilyriapods certainly bear, was 
noticed by the ancient writers, and as they had for the most 
part only external appearances to consider, tliey pushed this 
idea to extremes in actually including some of the marine 
Worms (Annelida) among the Centipedes. Pliny tiilks of a 
marine Scolope-ndra as a very poisonous animal, and there is little 
doubt that he meant one of the marine worms. An old German 
naturalist, Gesner, in a very curious book published in 1669 gives 
an account of an annelid sea-worm which he calls Scolopendra 
marina, and which is in all probability the sea Scolopendra 
which Pliny mentiona From Gesner’s account it seems to have 
been used as a medicine (externally only). " The use of this 
animal in medicine. The animal soaked in oil makes the hair 
fall off. So do its ashes mixed in oil.” It was also pounded up 
with honey. 

This idea of Centipedes living in water survived among later 
naturalists. Charles Owen, the author before qxioted, mentions 
them as amphibious in 1742. “The Scolopendra is a little 
venomous worm and amphibious. When it wounds any, there 
follows a blueness about the affected part and an itch all over 
the body like that caused by nettles. Its weapons of mischief 
are much the same with those of the spider, only larger ; its 
bite is very tormenting, and produces not only pruriginous pain 
in the flesh, but very often distraction of mind. These little 
creatures make but a mean figure in the ranks of animals, yet 
have been terrible in their exploits, particularly in driving 
people out of their country. Thus the people of Rhytium, a 
city of Crete, were constrained to leave their quarters for them 
(Aelian, lib. xv. cap. 26).” 

Myriapods have been considered to bear resemblances to the 
Crustacea, and this to a certain extent is true, though only to a 
certain extent, the resemblances being confined to tlie more 
general characteristics that they share with other groups of 
animals. 

Of late years attempts have been made to speculate about the 
origin of the Myriapods — that is, to endeavour to obtain by means 
of investigation of their anatomy, embryology, and palaeontological 
history, some idea of the history of the group. Such attempts at 
research into the phytogeny, as it is called, of a group must be, 
more or less speculative until our knowledge is much greater than 
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it is at present. But such inquiries have their value, and the 
schemes, of descent and phylogenetic trees, at any rate, indicate a 
real relation to different groups, even if they do not provide us 
with K real and actual history of the animala 

There have been two main theories about the descent of the 
iIyriapo<la. One of these derives them directly from tlie Insecta 
througli the forms known as the Thysanura, which resemble in 
such a degree the Myriapod Orders of Symphyla and Pauro- 
poda Tlie other theory holds that the Myriapods, as well as the 
Insecta, have been derived from some ancestor bearing a resem- 
blance to Peripatus. In other words, one theory claims that the 
relationship of Myriapoda to Insecta is that of fatlier and son ; 
the other that the relationship between the two ia that of 
brother to brother. The arguments hy which these theories are 
respectively supported consist for the most part of an analysis of 
the different characters of the anatomy and embryology and the 
determination of the most primitive among theuL For example, 
the supporters of the theory that the Thysanura are the most 
nearly allied to the Myriapod ancestor lay great weight on the fact 
that some Myriapods are born with three pairs of legs only, and 
they compare this stage in the life history of the Myriapoda to the 
metamorphosis and larval stage of Insecta For the supporters 
of this view the Orders of Symphyla and Pauropoda are the 
most primitive of the MjTiapoda On the other hand, the 
followers of the other theory do not allow that the characters 
in which the Myriapods are like Insects are primitive ones, but 
they lay more stress on the characters found in the early 
development, such as the character of the process of the forma- 
tion of the body segments, the mesoblastic segmentotion, and the 
origin of the various organs of the body. 

It may be easily understood that such differences in the 
estimation of the primitive characters of the embryology of a 
group may arise. Embryology has been compared by one of the 
greatest of modern embryologists to " an ancient manuscript with 
niany of the sheets lost, others displaced, and with spurious 
P^es interpolated by a later hand.’' What wonder is it that 
tufferent people examining such a record should come to different 
concl^ons as to the more doubtful and difficult portions of 
It. It is this very difficulty which makes the principal interest 

the study, and although our knowledge of the language in 
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which this manuscript is written is as yet imperfect, still we 
hope that constant study may teach us more and more, and 
enable us to read the great book of natvire with more and more 
ease and certainty. 

If any of juy readers should wish for a more full account of 
the natural history of this group I must refer them to the 
following works, which I have used in compiling the above 
account. In the first of these thei-e is an excellent bibliography 
of the subject ; — 

Latzel, Die Mji iaiioden der Oesterreichiacli-Ungarischen Jlonurchie, 'Wien, 
1H80. 

Zitteh HandbucU d«r Palaeoiitologie, 1 Abtli, II. B<I., Leipzig, 1881-1885. 
Korschelt and Heider, Lehrbuch der vergleicheuden Entwicklungsgeschichte 
der wirbellosen Thiere, Jena 1891. 
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CHAPTER 111 


CIIAKACTERISTIC FEATURES OF IN'SFXT LIFE SOCIAL INSECTS 

DEFINITION OF THE GLASS AV^A-CT.I COMrOSITION OF INSECT 

SKELETON NUMBER OF SEGMENTS NATURE OF SCLERITES 

head APPENDAGES OP THE MOUTH EYES THORAX 

ENTOTHOBAX LEGS WNCS ABDOMEN OR HIND BODY 

SPIRACLES SYSTEMATIC ORIENTATION. 

Insects form by far the larger part of the land animals of the 
world ; they outnumber in species all the other terrestrial animals 
together, while compared with the Vertebrates their numbers are 
simply enormous. Yet they attract but little attention from the 
ordinary observer, this being probably primarily due to the small 
size of the individual Insect, which leads the unretlecting to treat 
the creature as of little importance. “ It can be crushed in a 
muinent " is perhaps the unfonuulated idea that underlies tlie 
almost complete neglect of knowledge concerning Insects that 
prevails even in the ^ucated classes of society. The largest 
Insects scarcely exceed in bulk a mouse or a wren, while the 
smallest are almost or quite imperceptible to the naked eye, and 
yet the larger part of the animal matter existing on the lands ol 
the globe is in all probability locked up in the forms of Insects. 
Taken^ a whole they are the most successful of all the forms of 
terrestrial auimalR. 

In the waters of the globe the predominance of Insect life 
disappears. In the smaller coUections of fresh water many 
Insecte find a home during a portion of their lives, and some few 
contrive to pass their whole existence in such places ; but of the 
larger bodies of fresh water they invade merely the fringes, and 
they make only the feeblest attempt at existence in the ocean ; 
the genus Hulobata containing, so far as we know, the sole Insects 
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that ai'e capable of using the ocean as a medium of existence at 
a distance from the shore. 

It will probably be asked, how has it come about that creatures 
so insignificant in size and strength have nevertheless been so 
successful in what we call the struggle for existence ? And it is 
possible that the answer will be found in the peculiar relations 
that exist in Insects between the great fimctions of circulation 
and respiration ; these being of such a nature that the nutrition 
of thp organs of the body can be carried on very rapidly and verj' 
efficiently so long as a certain bulk is not exceeded. 

Kapidity of growth is carried to an almost incredible extent 
in some Insects, and the powers of multiplication — which may 
be considered as equivalent to the growth of the species— even 
surpass the rapidity of the increase of the individual ; while, as 
if to augment the fovourable results attainable by the more usual 
routine of the physiological processes, “ metamorphosis ” has been 
adopted, as a consequence of which growth and development can 
be isolated from one another, thus allowing the former to go on 
unchecked or uncomplicated by the latter. A verj' simple 
calculation will show how favourable some of the chief features 
of Insect life are. Let it be supposed that growth of the 
individual takes time in proportion to the bulk attained, and let 
A be an animal that weighs one oimce, B a creature that weighs 
ten ounces, each having the power of producing 100 young when 
full grown ; a simple calculation shows that after the lapse of a 
time necessary for the production of one generation of the larger 
creature the produce of the smaller animal will enormously out- 
weigh that of its bulkier rival. Probably it was some considera- 
tion of this sort that led Linnaeus to make his somewhat para- 
doxical statement to the effect that three flies consume the 
carcase of a horse as quickly as a lion.* 

Astonishing as may be the rapidity of the physiological pro- 
cesses of Insects, the results attained by them are, it must be 
admitted, scarcely less admirable : the structures of the Insect’s 
body exhibit a perfection that, from a mechanical point of view, is 
unsurpassed, while the external beauty of some of the creatures 
makes them fit associates of the most delicate flowers or no mean 
rivals of the most gorgeous of the feathered world. The words 

‘ Tret muscao consuiount cadaver eqoi, aeqoe cito ae leo. Sytt. NaL, ed. xii. ref. 
I. pt. 2, l>. 990. 
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of Linnaeus, Natura in minimis maxime miranda,” are not a 
mere rhetorical effort, but the expression of a simple truth. Saint 
Augustine, too, though speaking from a point of view somewhat 
remote from that of the great Swedish natiiralist, expressed an 
idea that leads to a similar conclusion when he said, “ CreaWt in 
coelum angelos, in terram vermiculos ; nec major in illis nec minor 
in istis.” 

The^ formation of organised societies by some kinds of Insects 
is a phenomenon of great interest, for there are very few animals 
except man and Insects that display this method of existence. 
Particulars as to some of these societies will be given when we 
treat of the Termitidae, and of the Hymenoptera Aculeata ; but 


we will take this opportunity of directing attention to some points 
of general interest in connexion with this subject. In Insect 
societies we find that not only do great numbers of separate 
individuals live together and adopt different modes of industrial 
action In accordance with the position they occupy in the 
association, but also that such individuals are profoundly modified 
in the structures of their body and in their physiological 
processes in such ways as to specially fit them for the parts they 
have to play. We may also see these societies in what may be 
considered different stages of evolution ; the phenomena we are 
alluding to being in some species much less marked than they 
are in others, and these more primitive kinds of societies being 
composed of a smaller number of individuals, which are also much 
less different from one another. We, moreover, meet witli complex 
societies exhibiting some remarkably similar features among 
Insects that are very different systematically. The true ants 
and the white ants belong to groups that are in structure and in 
the mode of growth of the individual essentially dissimilar, though 
their social lives are in several important respecte analogous. 

It should be remarked that the phenomena connected with the 
^ial life of Insects are still only very imperfectly known ; many 
highly important points being quite obscure, and our ideas bein<' 
too much based on fragments gathered from the lives of different 
species. The honey bee is the only social Insect of whose economy 
we have anything approaching to u wide knowledge, and even in 
tJie case of tliis Insect our infomiatiou is neither so complete nor 
so precise as is desirable. 

The various branches of knowledge connected with Insects 
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are called collectively Entomology. Although entomology is 
only a dej>artment of the great science of zoology, yet it is in 
practice a very distinct one ; owing to its vast extent few of 
those who work at other branches of zoology also occupy them- 
selves with entomology, while entomologists usually confine 
themselves to work in the vast field thus abandoned to them. 

Before passing to the consideration of the natural history and 
structure of the members of the vario\is Orders of Insects we will 
give a verbal diagrammatic sketch.if we may use such an expression, 
with a \'iew to explaining the various terms that are ordinarily 
used. We shall make it as brief as possible, taking in succession 
(1) the external structure. (2) internal structure, (3) development of 
the indiWdual, (4) classification. 

In the course of this introductory sketch we shall find it 
necessary to mention the names of some of the Orders of Insects 
that will only be explained or defined in subsequent pages. We 
may therefore here state that the term “ Orthoptera ” includea 
grasshoppers, locusts, earwigs, cockroaches : “ Neuroptera ' com- 
prises dragon-flies, May -flies, lacewings, stone-flies and caddis-flies ; 
to the “ Hvmenoptera ” belong bees, wasps, ants, sawflies, and a 
host of little creatures scarcely noticed by the ordinary observer : 
•• Coleoptera ” are beetles ; “ Lepidoptera,” butterflies and moths ; 
“Diptera,” house-flies, blue-bottles, daddy-longlegs, and such; 
“ Hemiptera " or “ Rhynchota ” are bugs, greenfly, etc. 

Class Insects : or Insects Hexapods. 

Dtfinxiion^ — Insects are small animals, having the body divided 
into three regions placed in longitudinal succession — head, thorax, 
and abdomen : they take in air by means of tracheae, a system of 
tubes distributed throughout the body, and opening externally by 
means of orifices placed at the sides of the body. They have six 
legs, and a pair of antennae ; these latter are placed on the head, 
while the legs are attached to the thorax, or second of the three great 
body divisions ; the abdomen has no true legs, but not infrequently 
has terminal appendages and, on the under surface, protuberances 
which serve as feet. Very frequently there are two pairs of 
wings, sometimes only one pair, in other cases none : the wings 
are always placed on the thorax. Insects are transversely seg- 
mented — that is to say, the body bas the form of a succession of 
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rings ; but this condition is in many cases obscure ; the number 
of these rings rarely, if ever, exceeds thirteen in addition to the 
head and to a terminal piece that sometimes exists. Insects usually 
change much in appearance in the course of their growth, the 
annulose or ringed condition being most evident in the early part 
of the individual’s life. The legs are usually elongate and 
apparently jointed, but in the immature condition may be alto< 
gether absent, or very short ; in the latter case the jointing is 
obscure. The number of jointed legs is always six. 


Eztem&l Stractnre. 

The series of rings of which the external crust or skeleton of 
Insects is composed exhibits great modifications, not only in the 
various kinds of Insects but even in the different parts of the 
eame individual, and at successive periods of its development ; 
so that in the majority of mature Insects the separate rings are 
readily distinguished only in the hind body or abdomen. The 
total number of the visible rings, segments, somites, or arthromeres, 
as they are variously called by different writers, is frequently 
thirteen in addition to the head. This latter part is considered 
to be itself composed of the elements of several rings, but mor- 
phologists are not yet agreed as to their number, some thinking 
this is three while others place it as high as seven ; tliree or four 
being, perhaps, the figures at present most in favour, though 
Yiallanes, who has recently discussed * the subject, considers 
six, the number suggested by Huxley, as the most probable. 
Cholodkovgky is of a similar opinion. However this may be, 
the three rings behind the head constitute the thorax, which is 
always largely developed, though, like the head, its segmenta- 
tion is usually very much obscured by unequal development of 
different parts, or by consolidation of some of them, or by botli 
of these conditions. The third great division of the body, tlie 
abdomen, is also usually much modified by one or mote of the 
terminal segments being changed in form, or even entirely %vith- 
drawn into the interior of the body. The existence of ten 
segments in the hind body can, however, be very frequently actually 
demonstrated, so that it is correct to speak of ten as the normal 
number. 

» .^ 11 *. Sei. JkTot (7) iv. 1887, p. 111. 
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It is no reproach to morphologists that they have not yet 
agi-eed as to the number of segments that may be taken as 
typical for an Insect, for all the branches of evidence bearing on 
the point are still imperfect. It may be well, therefore, to state 
the most extreme views that appear to be at all admissible. 
Hagen has recently stated the opinion that each thoracic segment 
consists really of three segments — an anterior or wing-bearer, a 
middle or leg-bearer, and a posterior or stigma-bearer. There 
seems to be no reason for treating the stigma as being at all of 



Fio. 47 — Diagram of exterior of insect: the two vertical dotted lines indicate the 
divisions between H, head ; T. thorax; an<t A, abdomen: a, antenna; 6, lobrum ; 
c, mandible ; d, maxillor)’ palpus ; e, labial palpus ; /, facetted eye ; g, ]>ronotan) ; 
h, niesoDOtum : i, metanotum ; k, wings; f, to .-ibdominal segments; m, the 
internal membranous portions uniting the apparently separated segments ; u, cerci ; 
0 , stigma ; j>, abdominal pleuron bearing small stigmata ; g,, q-i, gj, pro., meso., 
nieta*sterna ; rj, mesothorecic episternum ; Sj, epimeron, these two forming the 
mesopleuron ; s^, metathoracic episternum and epimeron; t, coxa; r, trochanter; 

IT, femur ; x, tibia ; y, tarsus ; z, gula. 

the nature of an appendage, and the theory of a triple origin for 
these segments may be dismissed. There are, however, several facts 
that indicate a duplicity in these somites, among wliich we may 
sj>ecially mention the remarkable constancy of two plem-al pieces 
on each side of each thoracic segment. The hypothesis of these 
rings lieing each the representative of two segments cannot there- 
fore Ikj at present considered entirely untenable, and in tliat case 
the maximum and minimum niunbei-s that can be suffjrested 
api)ear to be twenty-four and eleven, distributed as follows : — 

• SteUin. EnL ZtU. 1. 1889, p. 165. 
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Minimum. 

Head 

. 7 


Thorax 

. 6 

■i 

Abdomen . 

. 11 

5 

Total 

. 24 

1 1 


Although it is not probable that ultimately so great a difference 
as these figures indicate will l)e found to prevail, it is certainly 
at present premature to say that all Insects are made up of the 
same number of primary segments. 

A brief account of the structure of the integument will be 
found in the chapter dealing with the post-erabryonic develop- 
ment. 

The three great regions of the Insect body are functionally as 
well as anatomically distinct. The head bears the most important 
of the sense organs, viz. the antennae and ocular organs ; it includes 
the greater of the nerve-centres, and carries the mouth as well 
as the appendages, the trophi, connected therewith. The thorax 
is chiefly devoted to the organs of locomotion, bearing externally 
the wings aud legs, and including considerable masses of muscles, 
as well as the nerve centres by which they are innervated ; through 
the thorax there pass, however, in the longitudinal direction, 
those structures by which the unity of the organisation is com- 
pleted, viz. the alimentary canal, the dorsal vessel or “ heart ” for 
distributing the nutritive fluid, and also the nerve cords. The 
abdomen includes the greater part of the organs for carrying on 
the life of the individual and of the species ; it also frequently 
liears externally, at or near its termination, appendages that are 
doubtless usually organs of sense of a tactile nature. 

lu the lower forms of Insect life there is little or no actual in- 
ternal triple division of the body ; but in the liigher forms such 
separation becomes wonderfully complete, so that the head may 
communicate with the thorax only by a narrow isthmus, and the 
thorax with the abdomen only by a very slender link. This 
urrangement is carried to its greatest extreme in the Hymenoptera 
AciUeata. It may be looked on as possibly a means for separating 
the nutrition of the parts included in the three great body 
divisions. 

Along each side of the body extends a series of orifices for the 
admission of air, the stigmata or spiracles ; there are none of 
these on the head, but on each side of most of the other segments 
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there is one of these spiracles. This, however, is a rule subject 
to manj exceptions, and it is doubtful whether there is ever a 
spiracle on the last abdominal segment. Even in the young stage 
of the Insect the number of these stigmata is variable ; while 
in the perfect Insect the positions of some of the stigmata may be 
much mo^fied correlatively with the unequal development or 
consolidation of parts, especially of the thorax when it is highly 
modified for bearing the wings. 

The segments of the Insect are not separate parts connected 
with one another by joints and ligaments ; the condition of the 
Insect crust is in fact that of a continuous long sac, in which 
there are slight constrictions giving rise to the segments, the 
interior of the sac being always traversed from end to end by a 
tube, or rather by the invaginated ends of the sac itself which 
connect with an included second sac, the stomach. The more 
prominent or exposed parts of the external sac are more or- less 
hard, while the constricted parts remain delicate, and thus the 
continuous bag comes to consist of a series of more- or less hard 
rings connected by more delicate membranes. This condition is 



Fiq, i6~7SUus eiongatuSi fully disUcded lartA, 


readily seen in distended larvae, and is shown by our figure 48 
which is taken from the same specimen, whose portrait, drawn 
during life, will be given when we come to the Coleoptera, family 
Cleridae. The nature of the concealed connexions between the 
apparently separate segments of Insects is shown at m. Fig. 47, 

p. 88. 

As the number of segments in the adult Insect corresponds — 
except in the head — with the number of divisions that appear 
very early in the embryo, we conclude that the segmentation of 
the adult is, even in Insects which change their form very greatly 
during growth, due to the condition that existed in the embryo ; 
but it must not be forgotten that important secondary changes 
occur in the somites during the growth and development of 
the individual. Hence in some cases there appear to be more 
than the usual number of segments, e.g. Cardiophorus larva, 
and in others the number of somites is diminished by amal- 
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gamation, or by the extreme reduction in size of some of the 
parts. 

Besides the division of the body into consecutive segments, 
another feature is usually conspicuous ; the upper part, in many 
segments, being differentiated from the lower and the two being 
connected together by intervening parts in somewhat the same sort 
of way as the segments themselves are connected. Such a differen- 
tiation is never visible on the head, but may frequently be seen in 
the thorax, and almost always in the abdomen. A dorsal and a 
ventral aspect are thus separated, while the connecting bond on 
either side forms a pleuron. By this differentiation a second form 
of symmetry is introduced, for whereas there is but one upper and 
one lower aspect, and the two do not correspond, there are two 
lateral and similar areas. This bilateral symmetry is conspicuous 
in nearly all the external parts of the body, and extends to most 
of the internal organs. The pleura, or lateral regions of the 
sac, frequently remain membranous when the dorsal and ventral 
Inspects are hard. The dorsal parts of the Insect’s rings are 
also called by writers terga, or nota, and the ventral parts 
sterna. 

The appendages of the body are : — (1) a pair of antennae ; (2) 
the trophi, constituted by three pairs of mouth-parts ; (3) three 
pairs of legs ; (4) the wings'; (5) abdominal appendages of various 
kinds, but usually jointed. Before considering these in detail we 
shall do well to make ourselves more fully acquainted with the 
elementary details of the structure of the trunk. 

In the adult Insect the integument or crxist of the body is 
more or less hard or shell-like, sometimes, indeed, very hard, and 
on examination it will be seen that besides the divisions into 
segments and into dorsal, ventral, and pleural regions, there are 
lines indicating the existence of other divisions, and it will be 
found that by dissection along these lines distinct pieces can be 
readily separated. Each bard piece that can be so separated is 
called a sclerite, and the individual sclerites of a segment have 
received names from entomotomists. The sclerites are not really 

' Th« wings, by many morphologists, are not included in the category of 
appendages”; they apparently, however, differ but little in their nature from 
legs, hott bemg outgrowths of the integument 5 the wings are, however, always 
^t-embryonic in actual appearance, even when their rudiments can be detected iu 
tbe larva. No insect is hatched from the egg in the wing-beariDg form. 
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<£uite separate pieces, though we are in the liabit of speaking of 
them as if such were the case. If an Insect be distended by 
pressure jfrom the interior, many of the sclerites can be forced 
apart, and it is then seen that they are connected by delicate 
membrane. The structure is thus made up of hard parts meeting 
one another along certain lines of union — sutures — so that the 
original membranous continuity may be quite concealed. In 
many Insects, or in parts of them, the sclerites do not come into 
apposition by sutures, and are thus, as it were, islands of hard 
matter surrounded by membrane. A brief consideration of some 
of the more important sclerites is all that is necessary for our 
present purpose : we will begin with the head. 

The head 48 most variable in size and form ; as a part of its 
surface is occupied by the eyes and as these organs differ in 
shape, extent, and position to a surprising degree, it is not a 
matter for astonishment that it is almost impossible to agree as 
to terms for the areas of the head. Of the sclerites of the head 


itself there are only three that are sufficiently constant and 
definite to l>e worthy of description here. These are the clypeus, 
the epicranium, and the gula. The clypeus is situate on the 
iipi>er surface of the head-capsule, in front ; it bears the labrum 
which may be briefly described as a sort of flap forming an upper 
lip. The labrum is usually possessed of some amount of mobility. 
The clypeus itself is excessively variable in size and form, and 
sometimes cannot be delimited owing to the obliteration of the 
suture of connexion with the more posterior part of the head ; 
it is rarely or never a paired piece. Occasionally there is a 



Fio. 49. — Capsule of head of beetle, Harpalua 
caiiftinesHs : A* upp«r ; Bp under Aurface : 
clypeus ; 6. epicranium ; protoemnium ; 
lU g'Jlu 5 facetted eye ; /, occipital fora* 
men ; submentum ; /i, cavity for inter tioa 


more or less distinct piece 
interposed between the 
clj’peus and the labrum, 
and which is the source 
of considerable difficulty, as 
it may 1>e taken for the 
clypeus. Some authors call 
the clypeus the epistome, but 
it is l>etter to use this latter 
term for the purpose of indi- 
cating the part that is imme- 


of ontOQUo. 


diately behind the labrum. 


wliether that part be the clj'peus, or some other sclerite ; the 
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term is very convenient in those cases where the structure cannot 
be, or has not been, satisfactorily determined morphologically. 

In Figure 50 the parts usually visible on the anterior 
aspect of the head and its appendages are shown so far as these 
latter can be seen when the mouth is closed ; in the case of the 
Insect here represented the bases of the mandibles arc clearly 
seen (^), while their apical portions are 
entirely covered by the labrum, just 
below the lower margin of which the 
tips of the maxillae are seen, looking 
as if they were the continiiations of the 
mandibles. 

The labrum is a somewhat perplex- 
ing piece, morphologists being not yet 
agreed as to its nature ; it is usually 
placed quite on the front of the head, 
and varies extremely in form ; it is 
nearly always a single or unpaired 
piece ; the French morphologist Chatin 
considers that it is really a paired 
structure. 

The gula (Fig. 49, B d, and Fig. 47, 
z) is a piece existing in the middle 
longitudinally of the under-surface of the head ; in front it 
bears the mentuni or the submenturo, and extends backwards 
to the great occipital foramen, but in some Insects the gula 
is in front very distant from the edge of the buccal cavity. 
The epicranium forms the larger part of the head, and is con- 
sequently most inconstant in size and shape ; it usually occupies 
the larger part of the upper - surface, and is reflected to the 
under-surface to meet the gula. Sometimes a trans\erse line 
exists (Fig. 49, A) dividing the epicranium into two parts, tlie 
posterior of which has been called the protocranium ; which, 
however, is not a good term. The epicranium bears the antennae ; 
these organs do not come out between the epicranium and the 
clypeus, the foramen for their insertion being seated entirely in 
the epicranium (see Fig. 60). In some Insects there are traces of 
the epicranium being divided longitudinally along tlie middle 
line. When this part is much modified the antennae may 
appear to be inserted on the lateral portions of the head, or even 


a 

I 



Fiq. 50.— Front view of head of 
field* cricket (Gryllu ^) : a, 
ep^cTuium ; coisi>omd(1 
eye ; c* aotennii } : 

c, ante'cI>'peQS ; labrum ; 
(jt baee of mandible ; A, maz- 
illary pelpoe ; t> Ubinl pal* 
pos ; apez of maxilla. 
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on Its under-side ; this arises from extension of some part of the 
epicranium, as shown in Fig. 49, B. where A. the cavity of 
insertion of the antenna, appears to be situate on the under- 
surface of the epicranium, the appearance being due to an 
infolding of an angle of the part. 

There is always a gap in the back of the head for the passage 
of the alimentary canal and other organs into the thorax ; this 
opening is caUed the occipital foramen. Various terms, such as 
frons, vertex, occiput, temples, and cheeks, have been used for 
designating areas of the head. The only one of these which is of 
importance is the gena. and even this can only be defined as the 
anterior part of the lateral portion of the head-capsule. An 
extended study of the comparative anatomy of the head-capsule 
is still a desideratum in entomology. The appendages of the head 
that are engaged in the operations of feeding are frequently 
spoken of collectively as the trophi, a term which includes the 
labrum as well as the true buccal appendages. ^ 

(The appendages forming the parts of the mouth are paired, 
and (insist of the mandibles, the maxillae, and the labium, the 
pair in this latter part being combined to form a single body. 
The buccal appendages are frequently spoken of as gnathites. 
The gnathites are some, if not all, of them composed of apparently 
numerous parts, some of these being distinct sclerites, others 

membranous structures which may be either bare or pubescent 

that is, covered with delicate short hair. In Insects the mouth 
functions in two quite different ways, by biting or by sucking. 
The Insects that bite are called Mandibulata, and those that suck 
Haustellata. In the mandibulate Insects the composition of the 
gnathites is readily comprehensible, so that in nearly the whole 
of the vast number of species of that type the corresponding 
parts can be recognised with something like certainty. This, 
however, is not the case with the sucking Insects ; in them the 
parts of the mouth are very different indeed, so that in some 
cases morphologists are not agreed as to what parts really 
correspond with some of the structures of the Mandibulata. At 
present it will be sufficient for us to consider only the mandibulate 
mouth, leaving the various forms of sucking mouth to be 
discussed when we treat of the Orders of Haustellata in detail. 

The upper or anterior pair of gnathites is the mandibles, 
(Fig. 60, g). There is no part of the body that varies more than 
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does the mandible, even in the mandibulate Insects. It can 
scarcely be detected in some, while in others, as in the male stag- 
beetle, it may attain the length of the whole of the rest of the 
body ; its form, too, varies as much as its size ; moat usually, 
however, the pair of mandibles are somewhat of the form of 
callipers, and are used for biting, cutting, holding, or crushing 
purposes. The mandibles are frequently armed with processes 
spoken of as teeth, but which must not be in any way confounded 
with the teeth of Vertebrates. The only Insects that possess an 
articulated tooth are the Passalidae, beetles armed with a rather 
large mandible bearing a single mobile tooth among others that 
are not so. Wood Mason and Chatin consider the mandibles to 


Fio. 51. — MandibleSi 
muilUe, ud labium 
of Locuita vindiS‘ 
stma : A, mandibles ; 
B, m&:^Ulae (laterul 
parts) and labium 
(middle part3}uoitod : 
cardo ; stipes ; 
palpiger ; max. 
ptlp. ; lacioia ; /, 
gale. ; j7,subme&tum ; 
A, meatum ; t, pal- 
piger ; k, labial pal- 
pus 5 I, ligula ; m, 
paragloasa (galea); n, 
Uciuia : 0 , liogua. 



be, morphologically, jointed appendages, and the latter authority 
states that in the mandible of JSmbia he has been able to distin- 
guish the same elements as exist in the maxillae. In aculeate 
Hymenoptera the mandibles are used to a considerable extent 
for industrial purposes. 

The maxilla is a complex organ consisting of numerous pieces, 
viz. cardo, stipes, palpiger, galea, lacinia, palpus. The galea and 
lacmia are frequently called the lobes of the maxilla. The 
maxilla no doubt acts as a sense organ as well as a mechanical 
apparatus for hol^g ; this latter function being subordinate to 

the other. In Fig. 68, p. 122, we have represented a complex 
maxillary sense-organ. 

The labium or lower lip has as its basal portion the un- 
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divided mentum, and closes the mouth beneath or behind, 
according as the position of the head varies. In most Insects 
the labium appears very different from the maxilla, but in many 
cases several of the parts corresponding to those of the maxilla 
can be clearly traced in the labium. 

The mentum is an undivided, frequently very hard, piece, 
continuous with either the submentum or the gula, and anterior 

to this are placed the other parts, viz. 
the labial palpi and their supports, the 
palpigers ; beyond and between these 
exists a central piece (Fig. 52, B, «), 
about whose name some difference of 
opinion prevails, but which may be called 
the ligula (languette of French authors), 
and on each side of this is a paraglossa. 
In the Orthoptera the single median 
piece — the ligula of Coleopterists — is 
represented by two divided parts. In 
some Insects (many Coleoptera) there is 
interposed between the mentum and the 
palpigers a piece called the hypoglottis 
(Fig. 52, B, 6). It is not so well ascer- 
tained as it should be, that the pieces of 
the lower lip bearing the same names in 
different Orders are in all cases really 
homologous, and comparison suggests that 
Pio. 52. — Maxiiu and lower the hypoglottis of Coleoptera may pos- 

sibly represent the piece corresponding 
5, stipes ; c, paipiger ; rf, to the mentum of Orthopterists, the so- 

Called mcntum of beetles being in that 
outer or superior lobe or (j^se the submentum of Orthopterists. 

e<digin 08 \u: a, incn- There IS another part of the mouth 
turn ; b, hypoglottis ; <r, to which we may Call special atten- 

paipiger (support of the . _ ^ ^ . 

labial palp) ; d. palp ; e, tiOH, as it has recently attracted more 
ligula ; / , paraglossa. attention than it formerly did ; it is a 

membranous lobe in the interior of the mouth, very conspicuous 
in Orthoptera, and called the tongue, lingua, or hypopharynx ; 
it reposes, in the interior of the mouth (Fig. 51, o), on the 
middle parts of the front of the labium ; it is probably not 
entirely lost in Coleoptera, but enters into the composition of the 
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complex middle part of the lip by amalgamation with the para- 
glossae. It has recently been proposed to treat this lingua as the 
morphological equivalent of the labium or of the maxillae, giving 
it the name of the endolabium, but the propriety of this course 
remains to be proved ; * the view is apparently suggested chieHy 
by the structure of the mouth of a very rare and 

most peculiar Insect that has not as yet been sufficiently studied. 

As the maxillae and labium are largely used by taxonomists 
in the systematic arrangement of the mandibulate Insects, we 
give a figiu-e of them as seen in Coleoptera, where the parts, 
though closely amalgamated, can nevertheless be distinguished 
This Fig. 52 should be compared with Fig. 51. 

In speaking of the segments of the body we pointed out 
that they were not separate parts but constituted an uninter- 
rupted whole, and it is well to remark here that this is also 
true of the gnathites. Although the mouth parts are spoken of 
as separate pieces, they really form only projections from the 
great body wall. Fig. 61, B, shows the intimate connexion 
that exists between the maxillae and labium ; the continuity 
of the mandibles with the membrane of the buccal cavity is 
capable of very easy demonstration. 

The liead bears, besides the pieces we have considered, a pair 
of antennae. Th^ organs, though varying excessively in form, 
are always present in the adult Insect, and exist even in the 
majority of young Insecta They are very mobile, highly sensitive 
organs, situate on or near the front part of the head Tlie 
antennae arise in the embryo from the procephalic lobes, the 
morphological import of which parts is one of the most difficult 
points connected with Insect embryology. 

The eyes of Insects are of two sorts, simple and compound. 
The simple eyes, or ocelli, vary in number from one to as many 
as eighteep or twenty ; when thus numerous they are situated in 
groups on each side of the head In their most perfect form, us 
found in adult aculeate Hymenoptera, in Orthoptera and Diptera 
ocelli are usually two or three in number, and present tlie 
appearance of small, perfectly transparent lenses inserted in the 
integument In their simplest form they are said to consist of 
some masses of pigment in connexion with a nerve. 

The compound, or facetted, eyes are the most remarkable of all 

* See OD this subject, p. 217. 

VOL. T „ 
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the structures of the Insect, and in the higher and more active 

forms, such as the Dragon-flies and hover- 
ing Diptera, attain a complexity and deli- 
cacy of organisation that elicit the highest 
admiration from every one who studies 
them. They are totally different in 
structure and very distinct in function 
from the eyes of Vertebrata, and are 
seated on very large special lobes of the 
brain (see Fig. 65), which indeed are 
so large and so complex in structure 
that Insects may be described as possess- 
ing special ocular brains brought into 
relation with the lights, shades, and 
movements of the external world by a 
remarkably complex optical apparatus. 
This instrumental part of the eye is 
Fia.'iS.— TwoommAtidiAfrom called the dioptric part in contradistinc- 

tioa from the percipient portion, and con- 
a, CorueA ; 6» cryauUiDo sists of an outer corueal lens ({If Fig. 53)> 

trato membrane whose exposed surface forms one of the 
nerve structures below it ; facets of the eye ; under the lens is placed 

pigment!^"** ' the crystalline cone (6), this latter being 

borne on a rod-like object (c), called the 
rhabdom. There are two layers of pigment, tlie outer (e), 
called the iris-pigment, the inner (/), the retinal - pigment ; 
underneath, or rather we should say more central than, the 
rliabdoms is the fenestrate membrane (rf), beyond which there 
is an extremely complex mass of nerve - fibres j nerves also 
penetrate the fenestrate membrane, and their distal extremi- 
ties are connected with the delicate sheaths by one of which 
each rhabdom is surrounded, the combination of sheath and 
nerves forming a retinula. Each set of the parts above the fene- 
strate membrane constitutes an ommatidium, and there may be 
many of these oramatidia in an eye ; indeed, it is said that the 
eye of a small beetle, Mordella,, contains as many as 25,000 
ommatidia. As a rule the larvae of Insects with a complete 
metamorphosis bear only simple eyes. In the young of Dragon- 
flies, as well as of some other Insects having a less perfect meta- 
moii)ho8iB, the compound eyes exist in the early stages, but they 
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have then an obscure appearance, and are probably functionally 
imperfect. 

In the interior of the head there exists a horny framework 
called the tentorium, whose chief office apparently is to protect 
the brain. It is different in kind according to the species. The 
head shows a remarkable and unique relation to tlie following 
segments. It is the rule in Insect structure that the back of a 
segment overlaps the front part of the one following it ; in other 
words, each segment receives within it the front of the one 
behind it. Though this is one of the most constant features of 
Insect anatomy, it is departed from in the case of the head, 
which may be either received into, or overlapped by, the 
segment following it, but never itself overlaps the latter. There 
is perhaps but a single Insect {Hypocephalus, an anomalous beetle) 
in which the relation between the head and 
thorax can be considered to be at all similar 
to that which exists between each of the 
other segments of the body and that follow- 
ing it ; and even in Hypoctphalus it is only 
the posterior angles of the head that over- ^ 

lap the thorax. Although the head usually p, k. » ^ 

appears to be very closely connected with tended head 

the thorax, and is very frequently in re- 
pose received to a considerable extent within, 
the latter, it nevertheless enjoys great 
freedom of motion ] this is obtained by 
means of a large membrane, capable of much corrugation, and 
in which there are seated some sclerites, so arranged as to fold 
together and occupy little space when the head is retracted, but 
which help to prop and support it when extended for feedin’.r or 
other purposes. These pieces are caUed the cervical sclerites or 
plates. They are very largely developed in Hymenoptera. in 
many Coleoptera, and in Blattidie, and have not yet received from 
anatomists a sufficient amount of attention. Huxley suggested 
that they may be portions of head segments 



nod front of thorax of 
a beetle^ Muchronia ; 
back of head ; b, from 
of proaotum ; r, cliithi- 
ous retractile band ; d, 
cervical acleriiea. 


Thorax. 

composed of the three consecutive rings 
behind the head, falls naturally into three divisions— pro-, meso-. 
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and metathorax. These three segments differ greatly in their 
relative proportions in different Insects, and in different stages 
of the same Insect’s life. In their more highly developed con- 
ditions each of the three divisions is of complex structui*e, and 
the sclerites of which it is externally made up are sufficiently 
constant in their numbers and relative positions to permit of 
their identification in a vast number of cases ; hence the sclerites 
have received names, and their nomenclature is of practical 
importance, because some, if not all, of these parts are made use 
of in the classification of Insects. Each division of the thorax 
has an upper region, called synonymically dorsimi, notum, or 
tergum ; an inferior or ventral region, called sternum ; and on 
each side a lateral region, the pleuron. These regions of eacli of 
the three thoracic divisions are further distinguished by joining 
to their name an indication of the segment spoken of, in the 
form of the prefixes pro-, nieso-, and ineta- ; thus the pronotum, 
prosternum, and propleura make up the prothorax. The thoracic 
regions are each made up of sclerites whose nomenclature is due 
to Audouin.^ He considered that every thoracic ring is com- 
posed of the pieces shown in Fig. 55, viz. (1) the sternum (B', 
a), an unpaired ventral piece ; (2) the notum (A), composed of 
four pieces placed in consecutive longitudinal order (A'), nnd 
named praescutum (a), scutum (6), scutelluin (c), and post-scutel- 
lum (rf) ; (3) lateral pieces, of which he distinguished on each 
side an episternum (B', c), epimeron (e), and parapteron (r?), these 
together forming the plemom^JWe give Audouin’s Figure, but we 
cannot enter on a full discu^ion of his views as to the thorax ; 
they have become widely known, though the constancy of the 
parts is not so great as he supposed it would prove to l>e. Some- 
times it is imjwssihle to find all the elements he thought should be 
present in a thoracic ring, while in other cases too many sclerites 
exist. As a rule the notum of the meso- and metathoraces is 
in greater part composed of two pieces, the scutum and the 
scutellum ; while in the pronotum only one dorsal piece can be 
satisfactorily distinguished, though a study of the development 
may show that really two are frequently, if not usually, present. 
On the other hand, one, or more, of the notal sclerites in some 
cases shows evidence of longitudinal division along the middle. 
The sternum or ventral piece, though varying greatly in form, is 

» Ann. &'ci. A’at. I. 1824, p. 97. etc. 
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the most constant element of a thoracic segment, bnt it has 
sometimes the appearance of consisting of two parts, an anterior 
and a posterior. The pleuron nearly always consists quite 
evidently of two parts, the episternum, the more anterior and 
inferior, and the epimeron.^ The relations between these two 
parts vary much ; in some cases the episternum is conspicuously 
the more anterior, while in others the epimeron is placed umch 
above it, and may extend nearly as far forwards as it. It may 
be said, as a rule, that when the sternum extends farther back- 
wards than the notum, the epimeron is above the episternum. 



Fio. 66. — ilesothonx of Djfliscus, after Audouio. A, notum ; A', pieces of the notum 
separated: a. praescutura ; 6, scutum; c, acuteUum ; J, post-scutellum : B, the 
sternum and pleura uniteil ; B', their parte separated : a, sternum ; e, episternum ; 
ti, parapteron; «, epimerou. 

as in many Coleoptera ; but if the sternum be anterior to tlie 
notum, then the episternum is superior to the epimeron, as in 
dragon-flies. We would here again reiterate the fact that these 
“ pieces ” are really not separate parts, but are more or less in- 
durated portions of a continuous integument, which is frequently 
entirely occupied by them ; hence a portion of a sclerite that in 
one species is hard, may in an allied form be wholly or partly 
membranous, and in such case its delimitation may be very 
evident on some of its sides, and quite obscure on another. 

* See «lao Fig. 47 (p. 88). 
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The parapteron of Aiidoiiin does not appear to be really a 
distinct portion of the pleuron ; in the case of Dytiscus it is 
apparently merely a thickening of an edge. Audorin supposed 
this part to be specially connected witli the wing-articulation, 
and the term has been subsequently used by other writers in 
connexion with several little pieces that exist in the pleural 
region of winged Insects. 

The prothorax is even more subject to variation in its 
development than the other divisions of the thorax are. In the 
Hymenoptera the prosternum is disconnected from the pronotum 
and is capable, together with the first pair of legs, of movement 
independent of its corresponding dorsal part, the pronotum, 
which in this Order is always moie or less completely united 
with the meso-thorax ; in the Diptera the rule is that the three 
thoracic segments are closely consolidated into one mass. In 
the majority of Inse .ts the prothorax is comparatively free, that 
is to say, it is not so closely united with the other two thoracic 
segments as they are with one another. The tliree thoracic 
rings are seen in a comparatively uniform state of development 
in a great number 'of larvae ; also in the adult stages of some 
Aptera, and among winged insects in 'jome Keui-optera such as the 
Embiidae, Termitidae, and Perlidae. In Lepidoptera the pro- 
notum bears a pair of ei-ectile processes called patagia ; though 
frequently of moderately large size, they escape observation, being 
covered with scales and usually closely adpressed to the sides of 
the pronotiun. 

The two great divisions of the body — the mesothorax and 
the metathorax — are usually very intimately combined in winged 
Insects, and even when the prothorax is free, as in Coleoptera, 
these posterior two thoracic rings are very greatly amalgamated. 
In the higher forms of the Order just mentioned the meso- 
sternum and mesopleuron become changed in direction, and form 
us it were a diaphragm closing the front of the metasternum. 
The meso- and meta-thorax frequently each bear a pair of wings. 

AVe have described briefly and figured (Fig. 55) the sclerites 
of the mesothorax, and those of the metathorax correspond fairly 
well with them. In addition to the sclerites usually described 
as constituting these two thoracic divisions, there are some small 
pieces at the bases of the winga Jurine iliscriminated and 
named no less than seven of these at the base of the anterior 



Ill 


THORAX 


103 


wing 



of a Hyraenopteron. One of them becomes of considerable 
size^and importance in the Order just mentioned, and seems 
to be articulated so as to exert pressure on the base of the 
costa of the wing. This structure attains 
its maximum of development in a genus 
(? nondescript) of Scoliidae, as shown in Fig. 

56. The best name for this sclerite seems 
to be that proposed by Kirby and Spence, 
tegiila. Some writers call it paraptere, hypo- 
pt^re, or squamule, and others have termed 
it patagium ; this latter name is, however, 
inadmissible, as it is applied to a process of 
the prothorax we have already alluded to. fio. 56. — Heaii aD.i 
To complete our account of the structure 
of the thorax it is necessary to mention cer- base of v/ing. 
tain hard parts projecting into its interior, 
but of which there is usually little or no trace externally. A 
large process in many Insects projects upwards from the sternum 
in a forked manner. It was called by Audouin the entothorax ; 
some modern authors pi'efer the term apophysis. Longitudinal 
partitions of very large size, descending from the dorsum into 
the interior, also exist these are called pbragmas, and are of 

great importance in some Insects with 
perfect flight, such as Hymenoptera, 
Lepidoptera, and Diptera. There is no 
phragraa in connection with the prono- 
tum, but behind this part there may 
be three. A phragma has the appear- 
ance of being a fold of the dorsum ; it 

Pic. 57. -Tmcv™ section of serves OS an attachment for muscles. 

skeleton of meuthonkz of and may probably be of service iu 

Other ways. More insignificant projec- 

metastornam ; «, phragma ; iions into the interior are the little 
d, eutothorax (apophysis or . ,, , , .v.,. v 

furcA) ; e, apodeme ; /. ten. pieces called apodemes (Fig. 57, e); 

don of articulation. (After these are placed at the aides of the 

thorax near the wings. The apophyses 

are no doubt useful in preserving the delicate vital organs froui 

shocks, or from derangement by the muscular movements and 

the changes of position o f tho b ody. 

The appendages of the thorax are (a) inferior, the legs ; (6) 
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superior, the wings. The legs are always six in number, and are 
usually present even in larv^though there exist many apodal 
larvae, especially in L>igt«ra.^The three pairs of legs form one 

of the most constant of the characters of 
Insects. They are jointed appendages and 
consist of foot, otherwise tarsus ; tibia, femur, 
trochanter, and coxa ; another piece, called 
trochantin more or less distinctly separated 
from the coxa, exists in many Insects. The 
legs are prolongations of the body sac, and 
are in closer relation with the epimera and 
with the episterna than with other parts 
of the crust, though they have a close 
relation with the sternum. If we look at 
the body and leg of a neuropterous Insect 
(Fig. 58) we see that the basal part of the 
leg — the coxa — is apparently a continua- 
tion of one of the two pleural pieces or of 
l>oth; in the latter case one of the prolonged 
pieces forms the coxa proper, and tlie tip 
of the other forms a supporting piece, 
which may possibly be the homologue of 
Pio. 58 . — Hind leg of Pan- the trochaiitiii of sonie Insects. In some 
^er"onT ^^thoptera, especially in Blattidae, and in 

coxal fold of epimeroD ; Temiitidae, there is a transverse chitiuised 
J interposed between the steniiim and 

the coxa, and this has the appearance of 
being the same piece as the trochantin of the anterior legs of 
Coleoptera. 

Beyond the coxa comes the trochanter ; this in many 
Hymenoptera is a double piece, though in other Insects it is 
single ; usually it is the most insignificant part of the leg. Tlie 
femur is, on the whole, the least variable part of the leg ; the 
tibia, which follows it, l>eing frequently Iiighly modified for 
industrial or other purposes. The joint between the femur and 
the tibia is usually bent, and is therefore the most conspicuous 
one in the leg ; it is called the knee. The other joints have not 
corresponding names, though that Ijetween the tibia and the 
tarsus is of great importtnice. The spines at the tip of the tibia, 
projecting beyond it, are atlled spurs, or calcures. The tarsus or 
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foot is extremely variable ; it is verj' rarely absent, but may 
consist of only one piece — joint, as it is frequently called' — 
or of any larger number up to five, which may be considered 
the characteristic number in the higher Insect forms. The 
terminal joint of the tarsus bears normally a pair of claws; 
between the claws there is frequently a lo\>e or process, 
according to circumstances very varied in different Insects, 
called einpodium, arolium, palmula, plantula, pseudonychium, 
or pulvillus. This latter name should only be used in those 
coses in which the sole of the foot is covered with a dense 
pubescence. The form of the individual tarsal joints and the 
armature or vestiture of the lower surface are highly variable. 
The most remarkable tarsus is that found on the front foot of the 
male Dytiscus. 

It has been suggested that the claws and the terminal append- 
age of the tarsiis ought to be counted as forming a distinct joint ; 
hence some authors state that the higher Insects have six joints 
to the feet. These parts, however, are never counted as 
separate joints by systematic entomologists, and it has recently 
been stated that they are not such originally. 

The parts of the foot at the extremity of the last tarsal joint 
proper are of great importance to the creature, and vary greatly 
in different Insects. The most constant part of this appai-atus 
is a paii‘ of claws, or a single claw. Between the two claws 
there may exist the additional apparatus referred to above. This 
in some Insects — notably in the Diptera — reaches a very complex 
development. We figure these structures in Pelopaeus spinolae, 
a fossorial Hymenopteron, remarking that our figures exhibit the 
apparatus in a state of retraction (Fig. 59). According to the 
nomenclature of Dahl and Ockler ‘ the plate (5) on the dorsal 
'aspect is the pressure plate {Drxick^Platte), and acts as an agent 
of pressure on the sole of the pad (C, e); c and d on the 
underside are considered to be extension-agents ; c, extension- 
plate ; d, extension -sole {Streck-Platte, Streck-Sohle). These 
agents are assi.sted in acting on the pad by means of an elastic 
Ixiw placed in the interior of the latter. The pad (#) is a very 
remarkable structure, capable of much extension and I'etraction ; 

^ Id entomological language the piece between each two joints of an appendage 
is i^lf called a joint, though aegnieiit is doubtless a better term. 

* Arth./. XaturyeaeliithU, Ivi. 1890, p. 221. 
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when extended it is seen that the pressure plate is bent twice at 
a right angle so as to form a step, the distal part of which runs 
along the upper face of the basal part of the pad ; the apical 
portion of this latter consists of two large lobes, which in repose, as 
shown in our Figui*e (/), fall back on the pad, something in the 
fashion of the retracted claws of the cat. and conceal the pres- 
sure-plate. 

The mode in which Insects are able to walk on smooth 
perpendicular surfaces has been much discussed, and it appears 
highly probable that the method by which this is accomplished 
is the exudation of moisture from the foot : there is still, how- 
ever, much to be ascertained before the process can be satisfactorily 



Fio. 59. —Foot of Pdopatua^ a 
fos.^ria] WA3p : A»tor$ii5i entire ; 

B, U mioal joints upper side ; 

C, under side. daw ; 
hkse of pressure •plate ; c, ex« 
tension • plate ; d, exteusion- 
sole ; pad ; /, lobe of pad 
retracted. 


comprehended. The theory to the effect that the method is the 
pressure of the atmosphere acting on the foot when the sole is 
in perfect apposition with the object walke<l on, or when a 
slight vacuum is created between the two, has apparently less to 
support it. 

The legs of the young Insect are usually more simple than 
those of the adult, and in caterpillars they are short appendages, 
and only imi)erfec*ly jointed. If a young larva, with feet, of 
a l>eetle, such as Crioceris asparagi l)e examined, it may l>e seen 
that tlie leg is formed by protuberance of the integument, 
which bectimes divided into parts by simple creases ; an ol>serva- 
tion suggesting that the more highly developed jointed leg is 
formed in a similar manner. This appears to be really the case. 
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for the actual continuity of the limb at the chief joint — the 
jjnee — can be demonstrated in many Insects by splitting the 
outer integument longitudinally and then pulling the pieces a 
little apart ; while in other cases even this is not necessary, 
the knee along its inner face being membranous to a consider- 
able extent, and the membrane continuous from femur to tibia. 

Tu rning to the wings, we remark that there may be one or 
two p^rs of these appendages. When there is but one pair it is 
nearly always mesothoracic, when there are two pairs one is invari- 
ably mesothoracic, the other metathoracic. The situation of the 
wing is always at the edge of the notum, but the attachment 
varies in other respects. It may lie limited to a small spot, and 
this is usually the case with the anterior wing ; or the attachment 
may extend for a considerable distance along tlie edge of the 
notum, a condition which frequently occurs, especially in the caoe 
of the posterior wings. The actual connexion of the wings 
with the thorax takes place by means of strong horny lines 
in them which come into very close relation with the little 
pieces in the thorax which we have already described, and which 
were styled by Audouiu articulatory epidemes. There is 
extreme variety in the slije, form, texture, and clothing of the. 
wings, but there is so niucli resemblance in general characters 
amongst the members of each one of the Orders, that it is usually 
possible for an expert, seeing only a wing, to say with certainty 
what Order of Insects its possessor belonged to. We shall allude 
to these characters in treating of the. Orders of Insects. 

Each wing consists of two layers, an upper nml a lower, and 
between tliem there may l)e tracheae and other structiu'es, 
especially obvious when the wings are newly developed. It has 
been shown by Hagen that the two layers can be separated 
when the wings are recently formed, and it is then seen that 
each layer is traversed by lines of harder matter, the nervures. 
These ribs are frequently called wing-veins, or nerves, but as 
they have no relation to the anatomical structures bearing those 
names, it is better to make use of the term nervures. The 
strength, numlier, form and inter - relations of these nervures 
vary exceedingly; they are thus most important aids in tlie 
classification of Insects. Hence various oflbrts have l>een made 
to establish a system of nomenclature that shall Iv uniform 
throughout the different Ordere, but ut present success has not 
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attended these efforts, and it is prolxible that no real homology 
exists l>et\veen the nervures of the different Orders of Insects. 
We shall not therefore discnss the question liere. We may, 
however, mention that German savants Jiave recently distin- 
guished two forms of nervures which they consider essentially 
distinct, viz. convex and concave. These, to some extent, alter- 
nate with one another, but a fork given off by a convex one is 
not considered to be a concave one. The terms convex and con- 
ceive are not happily chosen ; they do not refer to the shape of 
the nervures, but appear to have been suggested by the fact that 
the surface of the wing being somewhat undulating the convex 
veins more usually run along the ridges, the concave veins along 
the depressions. The convex are the more important of the two, 
being the stronger, and more clos*dy connected with the articula- 
tion of the wing. 

The wings, broadly speaking, may be said to he three- 
margined : the margin that is anterior when the wings are 
extended is called the costa, and the edge that is then most 
di.stant from the body is the outer margin, while tl>e limit that 
lies along the body when the wings are closed is the inner 
margin. 

The only great Order of Insects provided with a single pair 
of wings is the Diptera, and in these the metathorax possesses, 
instead of wings, a pair of little capitate bodies called halteres or 
poisers. In the abnormal Strepsiptera, where a large jair of 
wings is placed on the metathorax, there are on the mesothorax 
some small appendages that are considered to represent the 
anterior wings. In the great Order Coleoptera, or beetles, the 
anterior wings are replaced by a pair ot horny sheaths that close 
together over the back of the Insect, concealing the hind-wings, 
so that the beetle looks like a wingless Insect: in other four- 
winged Insects it is usually the front wings that are mast 
useful in Might, but the elytra, as these pai-ts are called in 
• •leoptera, take no active part in flight, and it has been 
recently suggested by Hoffbauer ^ that they are not the homo- 
logues of the front wings, but of the tegulae (see lig. 56), of other 
Insects. In the Orthoptera the front wings also differ in con- 
ai.stence from tlie other pair over which they lie in repose, and 
are called tegmina. There are many Insects in which the wings 

* Zeitichr. \ciaa. Zod. liv. 1892, p. 579. 
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exist in a more or less rudimentary or vestigial condition, though 

they are never tised for purposes of flight. 

Xbj^abdomen, or hind body, is the least modified part of the 
body/5iough some oi' tne numerous rings of which it is conii>osed 
may be extremely altered from the usual simple form. Such 
change takes place at its two extremities, but usually to a much 
greater extent at the distal extremity than at the base. This 
latter part is attached to the thorax, and it is a cui-ious fact 
that in many Insects the base of the abdomen is so closely 
connected with the thorax that it has all the appearance of 
Ijeing a portion of this latter division of the body ; indeed 
it is sometimes difficult to trace the real division between the 
two parts. In such cases a further differentiation may occur, 
and the part of the abdomen that on its anterior asjject 
is intimately attached to the thorax may on its posterior 
aspect be very slightly connected with the rest of the abdomen. 
Under such circumstances it is difficult at first sight to recognise 
tlie real state of the case. When a segment is thus transfeiTcd 


from the abdomen to the 

metathorax, the part is • * 

called a median segment. 

The most remarkable 

median segment exists in ^ ^ "v ^ 

those Hymenoptera which 

have a stalk^ abdomen, 

but a similar though less ^ 

perfect condition exists in b 

T wu Fia. 60.— Simple aWomeo of ,7oj»yx (A) contrasted 

many Insects. When such highly modified oue of au ont, Oypto- 

a union OCCIU'S, it is usually (B). The segments are numbered from 

1 . A 1 be fort; babck words. 

most coiiiplete on the aorsai 

surface, and the first ventral plate may almost totally disappear : 
such an alteration may involve a certain amount of change in 
the sclerites of the next segment, so that the morphological tleter- 
mination of the parts at the back of the thorax and front of the 
abdomen is by no means a simple matter. A highly modified 
liiud-body exists in the higher ants, Myrmicidae. In Fig. 60 
we contrast the simple abdomen of Japyx with the highly modi- 
fied state of the same part in an ant. 

Unlike the head and thorax, the abdomen is so lotwely knitted 
together that it can undergo much expansion and contr^*ctiou. 



[ to 


ABDOMEN 


CHAP. 


This is facilitated by an imbricated arrangement of the plates, and 
by their being connected by means of membranes admitting of 
much movement (Fig. 47, w, p. 88). In order to understand the 
structure of the abdomen it should l>e studied in its most dis- 
tended state ; it is then seen that there is a doi-sal and a ventral 
hard plate to each ring, and there is also usually a stigma ; there 
may l>e foldings or plications near the line of junction of the 
dorsal and ventral plates, but these margins are not really distinct 
pieces. The pleura, in fact, remain membranoiis in the abdominal 
region, contrasting strongly with the condition of tliese parts in 
the thorax. The proportions of the plates vary greatly ; some- 
times the ventral are very large in proportion to the dorsal, as is 
usually the case in Coleoptera, while in the Orthoptera the reverse 
condition prevails. 

Cerci or other appendages frequently exist at the extremity 
of the abdomen (Fig. 47, n, p. 88); the former are sometimes 
like antennae, while in other cases they may Ije short com- 
pressed processes consisting of very few joints. The females of 
many Insects possess saws or piercing instruments concealed 
within the apical part of the abdomen ; in other cases an 
elongate exserted organ, called ovipositor, used for placing the 
eggs in suitable positions, is present. Such organs consist, it is 
thought, either of modified appendages, called gonapophyses, or 
of dorsal, ventral, or pleural plates. The males frequently bear 
within the extremity of the body a more or less complicated 
apparatus called the genital armour. The term gonapophysis i.s 
at present a vague one, including stings, some ovipositors, |>or- 
tions of male copulatory apparatus, or other structures, of which 
the origin is more or less obscure. 

The caterpillar, or larva, of the Lepidoptera and some other 
Insects, bears a greater number of legs than the three pairs we 
have mentioned as being the normal number in Insects, but the 
posterior feet are in this case very different from the anterior, 
and are called false legs or prolegs. These prolegs, which are 
placed on the hind body, bear a series of hooks in Lepidopterous 
larvae, but the analogous structures of Sawfly larvae are destitute 
of such hooks. 

Placed along the sides of the body, usually quite visible in 
the larva, but more or less concealed in the perfect Insect, are 
little apertuies for the admittance of air to the respiratory 
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system. They are called spiracles or stigmata. There is 
extreme variety in their structxire and size ; the largest and most 
remarkable are found on the prothorax of Coleoptera, especially in 
the groups Copridae and Cerambycidae. 

The exact position of the stigmata varies greatly, as does also 
their number. In the Order Aptera there may be none, while 
the maximum number of eleven pairs is said by Grassi ^ to be 
attained in Japyx solifugus: in no other Insect have more than 
ten pairs been recorded, and tliis number is comparatively rare. 
Both position and uumlier frequently differ in the early and 
later stages of the same Insect. The structure of the stigmata 
is quite as inconstant as the other points we have mentioned are. 

The admission of air to the tracheal system and its confine- 
ment there, as well us the exclusion of foreign bodies, liave to be 
provided for. The control of the air within the system is, 
according to Landois and Krancher,^ usually accomplished by 
means of au occluding apparatus placed on the tracheal trunk a 
little inside of the stigma, and in such case this latter orifice 


.serves chiefly as a means for preventing the 

intrusion of foreign bodies. The occluding f f 

apparatus consists of muscular and mechanical 

parts, which differ much in tneir details in 

ilifferent Inse'-ts. Lowne supposes that the 

air is maintained in the tracheal system in u 

compressed condition, and if this be so, this 

apparatus must be of great importance in tlie '/b * 

Insect economy. Miall and Denny* state Fio. 6i.— Membranous 

that in the anterior stigmata of the cock- between pro- 

4.\^ 1 - m •. meso* thoraces of 

roach the valvea act as the occluding agents, a beetle EucJirojna, 

muscles being attached directly to the inner stigma (ao 

^ t ^ ^ bind marciii of 

lace ot the valves, and in some other Insects pronotum ; 6 , front 
the Bpiraculsr valves appear to act partially 
by muscular agency, but there are many of elytra ; t:, 

Btigmate having valves destitute of muscler ““«sUmnm. 
According to Lowne ^ there exist valves in the blowfly at the 
entrance to the trachea proper, and he gives the following as the 
arrangement of parts for the admission of air : — there is a spiracle 


sliowi&g stigma (st ) : 
a, bind margin of 
pronotum j 6, front 
leg ; c, front margin 
of mesoQotum ; d, 
base of elytra ; t:, 
jneaostemum. 


4 


^ Mem, Acc, jCuteei Jiom 
i^Ui. Zool. xvii. 1867, p. 187. 
The Coeirotuh, 1886, p. 151 . » 


(4) iv. 1886, p. 554. 

’ Zool Atiz. iiu 1880. p. 684. 
AiuU^uj of the Blowfty, 1898, p. 362, 
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leading into a chamber, the atrium, which is limited inwardly 
by the occluding apparatiis ; and beyond this there is a second 
chamber, the vestibule, separated from the tracheae proper by a 
valv>Jar arrangement. He considers that the vestibule acts as a 
pump to force the air into the tracheae. 


Systematic OrientatiozL 


Terras relating to position are unfortunately used by writers 
on entomology in various, even in opposite senses. Great 
confusion exists as to the application of such words as base, apex, 
transverse, longitudinal We can best explain the way in 
which the relative positions and directions of parts should be 
described by reference to Figure 62. The spot 3 represents an 
imaginary centre, situated between the thorax and abdomen, to 
which all the parts of the body are supposed to be related. The 
Insect should always be described as if it were in the jK>sition 
shown in the Figure, and the terms used should not vary as the 
position is changed. The creature is placed with ventral surface 
beneath, and with the appendages extended, like the Insect itself, 
in a horizontal plane. In the Figure the legs are, for clearness, 

made to radiate, but in the 
proper position the anterior pair 
should be approximate in front, 
and the middle and liind pairs 
directed backwards under the 
body. The legs are not to be 
treated as if they wei*e hanging 
from the body, though that is 
the position they frequently 
actually assume. The right and 
left sides, and the upi>er and 
lower faces (these latter are 
frequently also si)oken of as 
sides), are still to retain the 
same nonienclatxxre even when 



FiO. 62. — Diagrammatic Insect to explain 
terniS of po^titiou. A, ai>ex ; B, base : 

tibia ; 2, last abdomlual segiueut ; S, 
ideal centre. 


the position of the specimen is 
reversed. The base of an organ 
is that margin that is nearest 


to the ideal centre, the apex that which is most distant. 
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Thus in Fig. 62, where 1 indicates the front tibia, the apex 
(A) is broader than the base (B) ; in the antennae the apex is 
the front part, while in the cerci the apex is the posterior part ; 
in the last abdominal segment (2) the base (B) is in front of the 
apex (A). The terms longitudinal and transverse should always 
be used with reference to the two chief axes of the body-surface ; 
longitudinal referring to the axis extending from before back- 
wards, and transverse to that going across, i.e. from side to side. 
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CHAPTER IV 


ARRANGEMENT OF INTERNAL ORGANS MUSCLES NERVOUS SYSTEM 

GANGLIONIC CHAIN BRAIN SENSE-ORGANS ALIMENTARY 

CANAL MALPIGHIAN TUBES RESPIRATION TRACHEAL 

SYSTEM FUNCTION OF RESPIRATION BLOOD OR BLOOD- 

CHYLE DORSAL VESSEL OR HEART FAT-BODY OVARIES 

TESTES PARTHENOGENESIS GLANDS. 


The intei'nal anatomy of Insects may be conveniently dealt with 
under the following heads : — (1) Muscular system; (2) nervous 



Flo. 63.— Diagram of arrangement of some of the internal organs of an Insect : a, month ; 
b, mandible ; c, pharynx ; d, oesophagns ; e, salivary glands (usually extending 
further backwards) ; f, eye ; g, supra • oesophageal ganglion ; h, sub-oesophageal 
ganglion ; », tentorium ; j, aorta ki, kf, entothorax ; ventral nervous 

chain ; nt, crop ; r, proventrlculus ; o, stomach ; p, Malpighian tubes ; g, small 
intestine ; r, large intestine ; s, heart ; f, pericardial septum ; u, w, ovary composed 
of four egg-tubes ; r, oviduct ; lo, spermatheca (or an accessory glaud) : x, retractile 
ovipositor ; y, cercus ; z, labnuu. 


system ; (3) alimentary system (under which may be included 
secretion and excretion, about which in Insects very little is 
known) ; (4) resjnratory organs ; (5) circulatory system ; (6) fat- 
body ; (7) reproductive system. 
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Many of the anatomical structures have positions in the body 
that are fairly constant throughout the class. Parts of tlie 
respiratory and muscular systems and the fat-body occur in most 
of the districts of the body. The heart is placed just below the 
dorsal surface ; the alimentary canal extends along the middle 
from the head to the end of the body. The chief parts of the 
nervous system are below the alimentary canal, except that the 
brain is placed above the beginning of the canal in the head. 
The reproductive system extends in the abdomen obliquely from 
above downwards, commencing anteriorly at the upper part and 
terminating posteriorly at the lower part of the bodj' cavity. 

In Fig. 63 we show the arrangement of some of the chief 
organs of the body, with the exception of the muscular and 
respiratory systems, and the fat-body. It is scarcely necessary 
to point out that the figure is merely diagrammatic, and does not 
show the shapes and sizes of the organs as they will be found in 
any one Insect. 


Moacles. 


The muscular system of Insects is very extensive, Lyonnet * 
having found, it is said, nearly 4000 muscles in the caterpillar 
of the goat-moth ; a large part of this number are segmental 
repetitions, nevertheless the muscular system is really complex, 
as may be seen by referring to the study of the flight of dragon- 
flies by von Lendenfeld.^ 

The minute structure of the muscles does not differ essentially 
from what obtains in Vertebrate animals. The muscles are 

of minute fibrils which are transversely striated, 
though in variable degree. Those in the thorax are yellow or 
pale brown, but in other parts the colour is more nearly wliite. 
The muscles of flight are described as being penetrated by 
numerous tracheae, while those found elsewhere are mereh- 
surrounded by these aeiuting tubules. 

The force brought into play by the contractions of Insect muscles 
18 very great, and has been repeatedly stated to 1 x 5 much superior 
to that of Vertebrate animals; very little reliance win, however, be 


H»V Chenille qni ronge Ic hoi3 <ie Sanle. La 

S’J a >6^7 n,«scUs. «iU.out counting 

those of the head and internal organs of the body. He puts tho number found in 
toe liumao body at 529. 

* SS. Ak. Wien, Abth. 1, l.xxxiii. 1881, pp. 289-376. 
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placed on the assumptions and calculations that are supposed to 
prove this, and it is not supported bj Camerano’s recent researches.* 
Some of the tendons to which the muscles are attached are 
very elaborate structures, and are as hard as the chitinous 
skeleton, so as to be like small bones iu their nature. A very 
elaborate tendon of this kind is connected with the prothoracic 
trochantin in Coleoptera, and may be readily examined in ffydro- 
philus. It has been suggested that the entothorax is tendinous in 
its origin, but other morphologists treat it, with more reason, as 
an elaborate fold inwards of the integument. 


Nenroofl System. 


Insects are provided with a very complex nervous system, 
which may be treated as consisting of three diNdsions : — (1) The 
cephalic system ; (2) the ventral, or ganglionic chain ; (3) an 

accessory sympathetic system, or 
systems. All these divisions 
are intimately connected. "We 
will consider first the most ex- 
tensive, viz. the ventral chain. 
This consists of a series of small 
masses of nervous matter called 
ganglia which extend in the 
longitudinal direction of the 
body along the median line of 
the lower aspect, and are con- 
nected by longitudinal commis- 
sures, each ganglion being joined 
to that following it by two 
threads of nervous matter. Each 
of the ganglia of the ventral 
chain really consists of two 
ganglia placed side by side and 
connected by commissures as 
well as cellular matter. In 

Fio. 64.— Cephiiic «ud ventral chain of larvae Some of the ganglia may 

ganglia ; A, of CAinmomit# / B. contlKUOUS, 80 that the COm- 

imago of (After Brandt. ) ® . . t-. 

inissures do not exist. From 
the ganglia motor nerves proceed to the various parts of the 

‘ Jfem. Aee. Torino (2), lUU. 1893, p. 229. 
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body for the purpose of stimulating and co-ordinating the 
contractions of tlie muscles. The numl)er of the ganglia 
in the ventral chain differs greatly in different Insects, and 
even in the different stages of metamorphosis of the same 
species, but never exceeds thirteen. As this number is that 
of the segments of the body, it has been considered that each 
segment had primitively a single ganglion. Thirteen ganglia for 
the ventral chain can, however, be only demonstrated in the 
embryonic state ; in the later stages of life eleven appears to be 
the largest number that can be distinguished, and so many as 
this are found but rarely, and then chiefly in the larval stage. 
The diminution in number takes place by the amalgamation or 
coalescence of some of the ganglia, and hence those Insects in 
which the ganglia are few are said to have a highly concentrated 
nervous system. The modes in which these ganglia combine are 
very various ; the most usual is perhaps that of the combination 
of the three terminal ganglia into one body. As a rule it may l)e 
said that concentration is the concomitant of a more forward posi- 
tion of the ganglia. As a result of this it is found that in some 
cases, as in Lamellicorn beetles, there are no ganglia situate in 
the aMomen. In the perfect state of the higher Diptera, the 
thoracic and abdominal ganglia are so completely concentrated 
in the thorax us to form a sort of thoracic brain. In Fig. 64 
we represent a very diffuse aud a very concentrated ganglionic 
chain ; A being that of the larva of Ckironomus, B that of the 
imago of Hippobosca, In both these sketches the cephalic ganglia 
as well as those of the ventral chain are shown. 

Turning next to the cephalic masses, we find these in tlie 
perfect Insect to be nearly always two in number : a very large 
and complex one placed above the oesophagus, and therefore 
called the supra-oesophageal ganglion; and a smaller one, the 
sub- or infra-oesophageal, placed below tlie oesophagus. The 
latter ganglion is in many Insects so closely approximated to 
the supra-oesophageal ganglion that it appears to be a part 
thereof, and is sometimes spoken of as the lower brain. In 
other Insects these two ganglia are more remote, and the infra- 
o^phageal one then appears part of the ventral chain In 
the embryo it is said that the mode of development of tlie 
supra-oesophageal ganglion lends support to the idea tliat it 
may be the equivalent of three gangUa ; there being at one 
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time three lobes, which afterwards coalesce, on each side of the 
mouth. This is in accordance with the ^■iew formxilated by 
Viallanes ^ to the effect that this great nerve-centre, or brain, 
as it is frequently called, consists essentially of three parts, viz. 
a Proto-, a Deuto-, and a Trito-cerebron. It is, however, only 
proper to say that though the brain and the ventral chain of 
ganglia may appear to be one system, and in the early embryonic 
condition to be actually continuous, these points cannot be con- 
sidered to be fully established. Dr. L. "Will has informed us * 
that in Aphididae the brain has a separate origin, and is only 
subsequently united with the ganglionic chain. Some authorities 
say that in the early condition the sub-oesophageal ganglion is 
formed from two, and the supra-oesuphageal from the same number 
of ganglia ; the division in that case being 2 and 2, not 3 and 1, as 
Viallanes’ views would suggest. The inquiries that are necessary 
to establish such points involve very complex and delicate in- 
vestigations, so that it is not a matter of surprise that it cannot 
yet be said whether each of these views may be in certain cases 
correct. The supra- and sub-oesophageal ganglia are always 
intimately connected by a commissure on each side of the 
oesophagus ; when very closely approximated they look like one 
mass through which passes the oesophagus (Fig. 66, A). The 
large supra-oesophageal ganglion supplies the great nerves of 
the cephalic sense-organs, while the smaller sub -oesophageal 
centre gives off the nerves to the parts of the mouth. From 
the lower and anterior part of the supra-oesophageal ganglion a 
nervous filament extends as a ring roimd the anterior part of the 
oesophagus, and supplies a nerve to the upper lip.® This structure 
is not very well known, and has been chiefly studied by Lienard,* 
who considers that it will prove to be present in all Insects. 

Whether the two cephalic ganglia be considered as really part 
of a single great ganglionic chain, or the reverse, they are at any 
rate always intimately connected with the ventral ganglia. We 
have already stated that the two cephalic masses are themselves 
closely approximated in many Insects, and may add that in 
some Hemiptera the first tlioracic ganglion of the ventral chain 
is amalgamated into one body with the sub-oesophageal ganglion, 

1 Bull. Soc. Philom. Paris (7), xL 1887, p. 119. etc., and C. JL cW. 1887, p. 444. 

* Zool. JaKrbueh. AucU. iii 1888, p. 270. * Kolbe, Einfikhrung, 1893, p. 411. 

* Arch. <U Biol. i. 1880, i>. 381. 
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and fortber that there are- a few Insects in which this larrex 
centre is wannnir. If the cephalic g-an^lia and 'rentral chain ':*e 
leaked on as p^ of one svsteni. this mar hr considerei as 
competed oii^inallT of ser-enteen pi-'gli a- which nnneoer has 
bee n demonsiraied in some embryos. 

The anatomy of the stipra-o^rphageal ganglion is ■eery 
complex ; it has been recently investig-ated by YiaHanes * in the 
wasp r«T*i3' and in a gras.hopper CaiCp.Vnt.-s The 

^development and crmplicaDon of its inner smicmre and of some 
of its outer parts appear to proporticcial with the state of 
adTanoement of the instinct or intelligence C‘f the Insect, and 
Yiallanes fc'nnd the brain of the ^rasshet per i-o if of a mcire 
CTTT T.Ie Harare that of the wasji. 



fiL— of Xvi 

of /“fry^xsc AfiC 

XxtCLusau ar t&n 


Brandt, to whom is doe a large part of onr knowiexdge of 
the anatomy of the nervoos systan in Insaeta, says that the 
snpra-o^ophageal ganglion varies greatly in in vaxioos 

Insetas. its mass being to a great ext^t proporcianal with the 
dendopment of the oomponnd eyes ; b^oe the abeolnie is 

not a critexion for the amotmt of intdligezkce, and we must 

rather locd: to the ocsnplicataon of the stracxnre and to the 

develo pme nt of oertain parts for an index of th« natnre. Ihe 

drone in the boner - bee oorrelatiTely with the superior 

develc^Hoent of its eyes, a larger brain than the worker, l:«t the 
Bae of the hexni^heres, and the dev^opmait of t.Ka gyri 
oetehnilfis is scpaEior in tbe latter. In ■~^btar words, -macs; ^ 


(71 n. 1 SS 7 . and ir. 1 SS 7 . 
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those great lobes of the bi-ain that are directly connected with 
the faceted eyes must not be taken into account in a considera- 
tion of the relation of the size and development of the brain to 
the intelligence of the individual The weight of the brain in 
Insects is said by Lowne to vary from to of the 

weight of the body. 

Figure 65 gives a view of one side of the supra-oesophageal 
ganglion of the worker of an ant , — Formica rufa , — and is 
taken from Leydig, who gives the following elucidation of it : 
A, primary lobe, a, homogeneous granular inner substance, 6, 
cellular envelope ; B. stalked bodies (gyri cerebrales), «, 5, as 
before ; c, presumed olfactory lobes, c, inner substance, d, gang- 




Pxo* 66. — StomAto - gftstnc 
neires of Cockroach : A, 
with bniD in niUt aft«r 
Koestler ; with the 

brain remored, after HUH 
and Dennj : supra* 

oesophageal ganglioo ; o, 
optic nerre ; o, antennal^* 
nerre ; frontal gang* 

lion ; oe» oesophagus ; e, 
conneclire ; paired 

ganglia ; crop or ven* 

tricnlar ganglion ; r, re* 
eorrent nerve. 


lionic masses ; d, ocular lobes, «,/, ff, k, various layers of the 
same ; e, origin of lateral commissures ; T, median commissure 
in interior of brain : o, lower brain (sub-oesophageal ganglion) ; 
I/, ocelli ; J, faceted eye. 

Besides the brain and the great chain of ganglia there exists 
an accessory system, or systems, sometimes called the sym- 
pathetic, vagus, or visceral system. Although complex, these 
]>arts are delicate and difficult of dissection, and are consequently 
not 80 well known as is the ganglionic chain. There is a con- 
necting or median nerve cord, communicating witli the longi- 
tudinal commissures of each segment, Jind itself dilating into 
ganglia at intervals ; this is sometimes called the unpaired 
system. There is another group of nerves having paired ganglia. 
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Starting from a small ganglion in the forehead, then connecting 
with the brain, and afterwards extending along the oesophagus 
to the crop and proventriculua (Fig. 66). This is usually called 
the stomatogastric system. The oesophageal ring we have already 
spoken of. 

By means of these accessory nerv’ous systems all the organs 
of the body are brought into more or less direct relation with 
the brain and the ganglionic chain. 

Our knowledge of these subsidiary nervous systems is by 
no means extensive, and their nomenclature is very unsettled ; 
little is actually known as to their functions. 


Organi of Sense. 

Insects have most delicate powers of perception, indeed they 
are perhaps superior in this respect to the other classes of 
animals. Their senses, though probably on the whole analogous 
to those of the Yertebrata, are certainly far from corresponding 
therewith, and their sense organs seem to be even more different 
from those of what we call the higher a nim als than the functions 
themselves are. "We have already briefly sketched the structure 
of the optical organs, which are invariably situate on the head. 
This is not the case with the ears, which certainly exist in one 
Order, — the Orthoptera, — and are placed either on the front 
legs below the knee, or at the base of the abdomen. Notwith- 
standing their strange situation, the structures alluded to are 
imdoubtedly auditory, and somewhat approximate in nature to the 
ear of Vertebrates, being placed in proximity to the inner face of 
a tense membrane ; we shall refer to them when considering the 
Orthoptera. Sir John Lubbock considers — no doubt with reason 
— that some ants have auditory organs in the tibia. Many 
Insects possess rod-like or bristle-like structures in various parts 
of the body, called chordotonal organs ; they are considered by 
Graber * and others to have auditory functions, tliough they are 
not to be compared with the definite ears of the Orthoptera. 

The other senses and sense organs of Insects are even less 
known, and have given rise to much perplexity; for. though many 
structures have been detected that may with more or less prob- 
ability be looked on as sense organs, it is difficult to assign a 

* Zool. Anz, iv. 1881, p. 452. 
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particular function to any of them, except it be to the sensoiy 

hairs. These are seated on various 
parts of the body. The chitinous 
covering, being a dead, hard substance, 
has no nerves distributed in it, but it 
is pierced with orifices, and in some of 
these there is implanted a hair which 
at its base is in connexion with a 
nerve ; such a structure may pos- 
sibly be sensitive not only to contact 
with solid bodies, but even to vari- 

Fio. 67.-Loi.gitmimarsectioii of vibratioD. We give a 

portion of caudal apj^ndage of figure (Fig. 67) of some of these hairs 

jEUufh caudal appendage of a cricket. 

dermis ; »t, nerve ; A>, integu- after Vom Rath. The Small hairs on 
mental hairs, not sensitive ; i. i* ‘ 

ordinary hair ; A’, sensory hair ; t"® OUtcr SUTtace of the chltin m this 

A«,^bUdder.iiite hair ; e.-, sense- figure have no sensory function, but 

each of the others probably has ; and 

these latter, being each accompanied by a different structure, 

must, though so closely approximated, 

be supposed to have a different function ; 

but in what way those that have no 

direct connexion with a nerve may act 

it is difficult to guess. 

The antennae of Insects are the seats 
of a great variety of sense organs, many 
of which are modifications of the hair, 
pit and nerve 8tructui*e we have described 
above, but others cannot be brought 
within this category. Amongst these 
we may mention the pits covered with 
membrane (figured by various writers), 
perforations of the chitin without any 
hair, and membranous bodies either con- 
cealed in cavities or partially protruding 
therefrom. 

Various parts of the mouth are also 
the seats of sense organs of different kinds, some of them of a 
compound character ; in such cases there may be a considerable 
number of hairs seated on brunches of a common nerve as figured 



Fic. 68. — Longitndina! section 
of apex of palpus of Ptfris 
brassicae : Mch^ scales ; ch^ 
chitin ; hypodormU ; 

nerve ; sense cells ; 

thy sense hnir*. (After 
Vom Rath.) 



IV 


ALIMENTARY SYSTEM 


123 


by Vom Eath^ on the apex of the maxillary palp of Lociista 
viridissima, or a compound organ such as we represent in Fig. 68 
may be located in the interior of the apical portion of the palp. 

The functions of the various structures that have been 
detected are, as already remarked, very difficult to discover. 
Vom Bath thinks the cones he describes on the antennae and palpi 
are organs of smell, while he assigns to those on the maxillae, 
lower lip, epipharynx, and hj'popharynx the r6le of taste organs, 
but admits he cannot draw any absolute line of distinction 
between the two forms. The opinions of Kraepelin, Hauser, and 
Will, as well as those of various earlier writers, are considered in 
Sir John Lubbock’s book on this subject.* 


Alimentary and Nutritive System. 

The alimentary canal occupies the median longitudinal axis 
of the body, being situated below the dorsal vessel, and above the 
ventral nervous chain ; it extends from the mouth to the opposite 
extremity of the body. It varies greatly in the different 
kinds of Insects, but in all its forms it is recognised as con- 
sisting essentially of three divisions : anterior, middle, and pos- 
terior. The first and last of these divisions are considered to be 
of quite different morphological nature from the middle part, 
or true stomach, and to 1^, as it were, invaginations of the 
extremities of a closed bag ; it is ascertained that in the embryo 
these invaginations have really blind extremities (see Fig. 82, 
p. 151), and only subsequently become connected with the middle 
part of the canaL There are even some larvae of Insects in which 
the posterior portion of the canal is not opened till near the close 
of the larval life ; this is the case with many Hyinenoptera, and 
it is probable, though not as frequently stated certain, that the 
occlusion marks the point of junction of the proctodaeum with 
the stomach. The anterior and posterior parts of the canal are 
formed by the ectoderm of the embryo, and in embryological and 
morphological language are called respectively the stomodaeuni 
and proctodaeum ; the true stomach is formed from the endoderm, 

^ Zeiteehr. wUa. Zool. zlvi. 1888, pi. xxxi. 

* On the Senaet, Inslinds, and InUUigenee of Animals, xcith sjtecial reference (0 
Insects. Vol. LXV. loternation&l Scientific Series, 1888. 
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and the muscular layer of the whole canal from the meso- 
derm. 

The alimentary canal is more complex anatomically than it is 
morphologically, and various parts are distinguished, viz. the 
canal and its appendicula ; the former consisting of oesophagus, 

crop, gizzard, true stomach, and an 
intestine divided into two or more 
parts. It should be remarked that 
though it is probable that the mor- 
phological distinctions correspond to 
a great extent with the anatomical 
lines of demarcation, yet this has 
not been sufficiently ascertained : the 
origin of the proctodaeum in Mima 
is indeed a point of special difficulty, 
and one on which there is consider- 
able diversity of opinion. In some 
Hemiptera the division of the canal 
into three parts is very obscxire, 
so that it would be more correct, as 
Dufour says, to define it as consist- 
ing in these Insects of two main 
divisions — one anterior to, the other 
posterior to, the insertion of the Mal- 
pighian tubes. 

It should be borne in mind that 
the alimentary canal is very diffierent 
in different Insects, so that the brief 
general description we must confine 
oui'selves to will not be found to 

Xyphidria camtius {after Du- «Pply Satisfactorily to any one In- 
four) : a, head capsule ; b, aai- gect. The oesophagus is the part be- 

crop ; f, proventricuius; /, chyle, fiiiid the inouth, and IS usually liaiTOW, 

or true stomach ; g, small intes- Jjgg pggg through the lUOSt 

tin«; A, large iDtestiue ; Mai- ^ ^ i 

pighian tubes ; termiuatioi) of important nervoiis Centres ; extremely 

variable in length, it dilates behind 
to form the crop. It may, too, have a dilatation iiiiniedintely 
}>ehind the mouth, and in such case a pharynx is considered to 
exist. The crop is brojuler than the oesophagus, and mu.st be 
liMiked on us a mere dilatation of the latter, as no line of 
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demarcation can be pointed out between the two, and the crop 
may be totally absent. 

In some of the sucking Insects there is a lateral diverticulum, 
liaving a stalk of greater or less length, called the sucking- 
stomach ; it is by no means certain that the function this name 
implies is correctly assigned to the organ. 

The gizzard or proventriculus (French, gisier ; German, 
Kiiumagen) is a small body interposed in some Insects between 
tlie true stomach and the crop or oesophagus. It is frequently 
remarkable for the development of its chitinous lining into 
strong toothed or ridged processes that look as if they were well 
adapted for the comminution of food. The function of the 
proventriculus in some Insects is obscure ; its structure is used 
by systematists in the classification of ants. The e.xtremity of 
the proventriculus not infrequently projects into the cavity of 
t he stomach. 

The true stomach, or ehylific ventricle {Magen or Mittddarm 
of the Germans), is present in all the post-embiyonic stages of 
the Insect’s life, existing even in the imagines of those who 
live only for a few hours, and do not use the stomach for any 
alimentary purpose. It is so variable in shape and capacity that 
no general description of it can be given. Sometimes it is very 
elongate, so that it is coiled and like an intestine in shape ; it 
very frequently bears diverticula or pouches, \vhicli are placed on 
the anterior part, and vary greatly in size, sometimes they ai*e 
only two in number, while in other cases they are so numerous 
that a portion of the outside of the stomach looks as if it were 
covered with villi. A division of the stomach into two parts 
is in some ca^s very marked, and the posterior portion may, in 
certain cases, be mistaken for the intestine ; but the position of 
the Malpighian tubes serves as a mark for the distinction of the 
two struct\ires, the tubes being inserted just at the junction of 
the stomach with the intestine. 

The intestine is very variable in length : the anterior part is 
the smaller, and is frequently spoken of as the colon ; at the 
extremity of the body the gut becomes much larger, so as to 
form a rectum. There is occasionally a diverticulum or “ caecum ” 
connected with the rectum, and in some Insects stink -glands. 
In some Heiniptera there is no small intestine, the Malpighian 
tubes being inserted at the junction of the stomach witli the 
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rectum. The total length of the alimentary canal is extremely 
variable ; it is necessarily at least as long as thp distance between 
the mouth and anal orifice, but sometimes it is five or six 
times as long as this, and some of its parts then form coils in 
the abdominal cavity. 

The alimentary canal has two coats of muscles : a longitudinal 
and a transverse or annular. Both coexist in most of its parts. 
Internal to these coats there exists in the anterior and posterior 
parts of the canal a chitinous layer, which in the stomach is 
replaced by a remarkable epithelium, the cells of which are 
renewed, new ones growing while the old are still in activity. 
We figure a portion of this structure after Miall and Denny, 
and may remark that Oudemans ^ has verified the correctness of 
their representation. The layers below represent the longi- 
tudinal and transverse muscles. 



Fi<;. 70. — EpitheHum of stomach 
of Cockroach (after Mia)l and 
Denny): the lower parU indi- 
cate the transverse and longi* 
tudinal muscular layers. 


In addition to the various diverticula we have mentioned, 
there are two important sets of organs connected with the 
alimentary canal, vi^;. the salivary glands and the Malpighian 
tubes. 

The salivary glands are present in many Insects, but are 
ab.sent in others. They are situate in the anterior portion of 
the body, and are very variable in their development, being 
sometimes very extensive, in other cases inconspicuous. They 
consist either of simple tubes lined with cells, or of branched 
tubes, or of tubes dilated laterally into little acini or groups of 
bags, the arrangement then somewhat resembling that of a bunch 
of grapes. There are sometimes large sacs or reservoirs con- 
nected with the eHerent tubes proceeding from the secreting 
portions of the glands. The salivary glands ultimately discharge 
into the mouth, so that the fluid secreted by them has to be 

* Bijd. DierkuncU, 1C. 1888, p. 192. 
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swallowed in the same manner as the food, not improbably along 
with it. The silk so copiously produced by some larvae comes 
from very long tubes similar in form and situation to the simple 
tubes of the salivary glands. 

The Malpighian tubules are present in most Insects, though 
they are considered on good authority to be absent in many 
CoUembola and in some Thysanura. They are placed near the 
posterior part of the body, usually opening into the alimentary 
canal just at the junction of the stomach and the intestine, at a 
spot called the pylorus. They vary excessively in length and in 
number,* being sometimes only two, while in otlier cases there 
may be a hundred or even more of them. In some cases they 
are budded off from the hind-gut of the embryo when this is 
still very small ; in other cases they appear later ; frequently 
their number is greater in the adult than it is in the young. 
In Grylloialpa there is one tube or duct with a considerable 
number of finer tubes at the end of it. There is no muscular 
layer in the Malpighian tubes, they being lined with cells which 
leave a free canal in the centre. The tubes are now thought, on 
considerable evidence, to be organs for the e.xcretion of uric acid 
or urates, but it is not known how they are emptied. Marchal 
has stated * that he has seen the Malpighian tubes, on extrac- 
tion from the body, undergo worm-like movements ; he suggests 
that their contents may be expelled by siSnilar movements when 
they are in the body. 

The functions of the different portions of the alimentary 
canal, and the extent to which the ingested food is acted on by 
their mechanical structures or their products is very obscure, and 
different opinions prevail on important points. It would appear 
that the saliva exercises ' a preparatory action on the food, and 
that the absorption of the nutritive matter into the body cavity 
takes place chiefly from the true stomach, while the Malpighian 
tubes perform an excretory frinction. Beyond these elementary, 
though but vaguely ascertained facts, little is known, though 
Plateau’s* and Jousset’s researches on the digestion of Insects 
throw some light on the subject. 

‘ For a review of thoir number see Wheeler, Psythe, vi. 1893, pn. 457, etc, 

- Ann, Soe. ErU. France, Ixi. 1892, Bull. p. cclvi. 

’ -Vewi. Ae. Belyiqxte (2), xli. 1875, and Bxdl, Ac. BeUjiqxu (2), xliv. 1877, 
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Respiratory Org^ans. 

The respiration of Insects is carried on hy means of a system 
of vessels for the conveyance of air to all parts of the body ; this 
system is most remarkably developed and elaborate, and contrasts 
strongly with the mechanism for the circulation of the blood, 
which is as much reduced as the air system is highly developed, 
as well as with the arrangement that exists in the Vertebrates, 
There are in Insects no lungs, but air is carried to every part of 
the body directly by means of tracheae. These tracheae con- 
nect with the spiracles — the orifices at the sides of the body 
we have already mentioned when describing the external struc- 
tures — and the air thus finds its way into the most remote 
recesses of the Insect’s body. The tracheae are all intimately 
connected. Large tubes connect the spiracles longitudinally, 
others pass from aide to side of the body, and a set of tracheae 
for the lower part of the body is connected with another 
set on the upper surface by means of several descending 
tubes. From these main channels smaller branches extend in all 
directions, forking and giving off twigs, so that all the organs 
inside the body can be supplied with air in the most liberal 
manner. On opening a freshly deceased Insect the abundance of 
the tracheae is one of the peculiarities that most attracts the 
attention ; and as these tubes have a peculiar white glistening 
appearance, they are recognised without difficulty. In Insects 
of active flight, possibly in some that are more passive, though 
never in larvae, there are air-sacs, of more than one kind, con- 
nected with the tracheae, and these are sufficiently capacious to 
have a considerable effect in diminishing the specific gravity of 
the Insect. The most usual situation for these sacs is the basal 
portion of the abdominal cavity, on the great lateral tracheal 
conduits. In speaking of the external structure we have remarked 
that the stigmata, or spiracles, by which the air is admitted 
are very various in their size and in the manner in which they 
open and close. Some spiracles have no power of opening ; while 
others are provided with a muscular and valvular apparatus for 
the purpose of opening and closing effectually. 

The structure of the tracheae is remarkable : they are elastic 
and consist of an outer cellular, and an inner chitinous layer ; 
this latter is strengthened by a peculiar spiral fibre, which gives 
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to the tubes, when examined witJi the microscope, a transverselj*, 
closely striated appearance. Packard considers ^ that in some 
tracheae this fibre is not really spiral, but consists of a large iiiun- 
ber of closely placed rings. Such a condition has not, however, 
been recorded by any other observer. The spiral fibre is absent 
in the fine capillary twigs of the tracheal system, as well as from 
the expanded sacs. The mode of terminatiou of the capillary 
branches is not clear. Some have supposed that the finest twigs 
anastomose with others ; on the other baud it has been said that 
they terminate by penetrating cells, or that they simply come 
to an end with either open or closed extremities. Wisting- 





Pio. 71.— Portion of the abdomiMl part of tracheal system of a Locust (Otdipoiln) ■. 

Vr vesicular dUaUtious ; d. trachealtwi^ 

or capillaries. (After Dufonr.) ^ 

hausen ® states that in the silk-glands the tracheal twigs anas- 
tomose, and he is of opinion that the fine terminal portions 
contain fluid. However this may be, it is certain that all the 
organs are abundantly supplied tvith a capillary tracheal net- 
work. or arboreal ramification, and that in some cases the tubes 
enter the substonce of tiraues. Near their terminations they 
are said to be to -g^ millimetre in diameter. 

We must repeat that such a system as we liave just sketched 
fo^ a striking contrast to the imperfect blood-vasciUar system, 
and that Wte differ profoundly in these respects from Verte- 
brate animals. In the latter the blood-vessels penetrate to all 

* J^aturaliat, xx. 1886, pp 438 and 558. 

Zeiisehr. wiu. ZooL, xlix. 1800, p. 565. 
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tlie tissues and form capillaries, while the aerating apparatus is 
confined to one part of the body ; in Insects the blood-circulating 
system is very limited, and air is carried directly by complex 
vessels to all parts ; thus the tracheal system is universally recog- 
nised as one of the most remarkable of the characters of Insects. 

Many Insects have a very active respiratory system, as is shown 
by the rapidity with which they are affected by agents like 
chloroform ; but the exact manner in which the breathing is 
carried on is unknown. In living Insects rapid movements of 
contraction and expansion of parts of the body, chiefly the 
abdomen, may be observed, and these body contractions are some- 
times accompanied by opening and shutting the spiracular 
orifices : it has been inferred that these phenomena are respira- 
tory. Although such movements are not always present, it is 
possible that when they occur they may force the aii* onwards 
to the tissues, though this is by no means certain. It is clear 
that the tracheal system is the usual means of supplying the 
organisation with oxygen, but it appears to be improbable that 
it can also act as the agent for removing the carbonaceous pro- 
ducts of tissue-changes. It has been thought possible that car- 
bonic acid might reach the spiracles from the remote capillaries 
by a process of diffusion,* but it should be recollected that as 
some Insects have no tracheal system, there must exist some 
other mode of eliminating carbonic acid, and it is possible that 
this mode may continue to op>erate as an important agent of 
piirification, even when the tracheal system is, as a bearer of air 
to the tissues, highly developed. Eisig* has suggested that the 
formation of chitin is an act of excretion ; if so this is capable 
of relieving the system of carbonic acid to some extent Others 
have maintained that transpiration takes place through the deli- 
cate portions of the integximent. Lubbock ^ has shown that 
Melolontha larvae breathe “partly by means of their skin.” 
The mode in which the carbon of tissue -change, and the 
nitrogen of inspiration are removed, is still obscure; but it 
a]>i>eai‘S prolmble that the views expressed by Reaumur, Lyonnet, 
and lAiwne * as to inspiration and expiration may prove to Ixj 
nearer the truth than those which are more widely cxurent. In 

' Sec Miali and Denny » Cockroach , p. 158» 

• Eisig» J/on. CopiitilifUu^ 1887, p* 781, 

=> Tr. Linn. Soe. London Zool. xxiiL 1800, p. 29. * Blovfiy, tic. i*. 376. 
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connexiou with this it should be recollected that the outer 
integument consists of chitin, and is cast and renewed several 
times during the life of the individual. Now as chitin consists 
largely of carbon and nitrogen, it is evident that the moulting 
must itself serve as a carbonaceous and nitrogenous excretion. 
If, as is suggested by Bataillon’s researches, ‘ the condition 
accompanying metamorphosis be that of asphyxia, it is probable 
that the secretion of the new coat of chitin may figure as an 
act of excretion of considerable importance. If there be any 
truth in this suggestion it may prove the means of enabling us 
to comprehend some points in the development of Insects that 
have hitherto proved very perplexing. 

PejTou has shown ^ that the atmosphere extracted from tlie 
bodies of Insects (J^felolontha) is much less rich in oxygen than 
the surrounding atmosphere is, and at ordinary temperatures 
always contains a much larger proportion of carbonic acid : he 
finds, too, that as in the leaves with which he makes a comparison, 
the proportion of oxygen augments as the protoplasmic activity 
diminishes. Were such an observation carried out so as to dis- 
tinguish between the air in the tracheal system and the gas in 
other parts of the body the result would be still more interesting. 

W^e know very little as to the animal heat produced by 
insects, but it is clear from various observations^ that the 
amount evolved in repose is very small. In different conditions 
of activity the temperature of the insect may rise to be several 
degrees above that of the surrounding medium, but there seems 
to be at present no information as to the physiological mode of 

its production, and as to the channel by which the products 

whether carbonic acid or other matters — may be disposed of. 

In the order Aptera (Thysanura and CoUembola) the tracheal 
system is highly peculiar. In some CoUembola it apparently 
<loes not exist, and in this case we may presume with greater 
certainty that transpiration of gases occ\irs througli the integu- 
ment : in other members of this Order tracheae are present in a 
more or less imperfect state of development, but the tracheae 
of different segments do not communicate with one another, 

* O'. R. Ae. Sci., cxr. 1892, p. 01 , and Bull. Set. France Beigique, xxv. 1893 

18. ^ 

’ CompL retid. Ac. Faria, cii. 1886, p. 1339. 

* See Ne«-port, Fhil. Tratts. 1837. and Lubbock Linn. Trava. xxiii. 1860. 

P« CvCe ' 
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thus forming a remarkable contrast to the amalgamated tracheal 
system of the other Orders of Insects, where, even when the 
tracheal system is much reduced in extent (as in Coccidae), it is 
nevertheless completely unified. Gryllotalpa is. however, said 
by Dohrn * to be exceptional in this respect ; the tracheae con- 
nected with each spiracle remaining unconnected. 

Water Insects have usually peculiarities in their respiratory 
systems, though these are not so great as might d. priori liave 
been anticipated. Some breathe by coming to the surface and 
taking in a supply of air in various manners, but some appar- 
ently obtain from the water itself the air necessary for their 
physiological processes. Aquatic Insects are frequently provided 
with gills, which may be either wing-like expansions of the 
integument containing some tracheae (Ephemeridae larvae), or 
bunches of tubes, or single tubes (Trichoptera lur^’ae). Sucli 
Insects may either possess stigmata in addition to the gills, or 
be destitute of them. In other cases air is obtained by taking 
water into the posterior part of the alimentary canal (many 
dragon-flies), which part is then provided with special tracheae. 
Some water-larv’ae appear to possess neither stigmata nor gills 
(certain Perlidae and Diptera), and it is supposed that these 
obtain air through the integument ; in such Insects tracheal 
twigs may frequently be seen on the interior of the skin. In 
the imago state it is the rule that Water Insects breathe by 
means of stigmata, and that they carry about with them a supply 
of air sufficient for a longer or shorter period. A great many 
Insects that live in water in their earlier stages and breathe 
there by peculiar means, in their perfect imago state live in the 
air and breathe in the usual manner. There are, in both ter- 
restrial and aquatic Insects, a few cases of exsertile sacs without 
tracheae, but filled with blood {Pelohiua larva, Machilis, etc.) ; and 
such organs are supposed to be of a respiratory nature, though 
there does not appear to be any positive evidence to that effect. 

Blood and Blood-Circulation. 

Owing to the great complexity of the tracheal system, and to 
its general diffusion in the body, the blood and its circulation are 
very different in Insects from what they are in Vertebrates, so 

> Ztilschr. unis. Zool. xxvi. 187C, p. 137. 
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that it is scarcely conducive to the progress of physiological 
knowledge to call two fluids with such different functions by one 
name. The blood of Insects varies according to the species, and 
in all probability even in conformity with the stage of the life 
of the individual. Its primary office is that of feeding the 
tissues it liathes, and it cannot be considered as having any aerat- 
ing function. It is frequently crowded with fatty substances. 
Graber says : “ The richness of Insect blood in unsaponified or 
unelaborated fat shows in the plainest manner that it is more 
properly a mixture of blood and chyle ; or indeed we might say 
with greater accuracy, leaving out of consideration certain 
matters to be eliminated from it, that it is a refined or distilled 
chyle.” Connected in the most intimate manner with the blood 
there is a large quantity of material called vaguely the fat- 
body ; the blood and its adjuncts of this kind being called 
by Wielowiejski ^ the blood-tissue. We shall return to the 
consideration of this tissue after sketching the apparatus for 
distributing the refined chyle, or blood as we must, using tlie 
ordinary term, call it. 

There is in Insects no complete system of blood-vessels, though 
there is a pulsating vessel to ensure distribution of the nutritive 
fluid. This dorsal vessel, or heart as it is frequently called, may 
be distinguished and its pulsations watched, in transparent 
Insects when alive. It is situate at the upper part of the 
body, extending from the posterior extremity, or near it, to the 
head or thorax, and is an elongate tube, consisting as it were of 
a number of imited chambers; it is closed behind, except in 
some larvae, but is open in front, and has several orifices at the 
sid^ ; these orifices, or ostia, are frequently absent from the 
front part of the tube, which portion is also narrower, being 
called the aorta — by no means a suitable term. Ne^ir the lateral 
orifices there are delicate folds, which act to some extent as 
valves, facilitating, in conjunction with the mode of contraction 
of the vessel, a forward movement of the blood. The composition 
of the tube, or series of chambers, is that of a muscular layer, 
with internal and external membranous coverings, the intima and 
adventitia. Olga Polctajewa states * that in Bovihus the dorstil 
vessel consists of five chambers placed in longitudinal succession, 
and not very intimately connected, and that there is but little 

* ZtUxhT. tciM. zonl. xliii. 1886. p. 612. > Zt>ol. Anz. ix. 1886, p. 13. 
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valvular structure. In Cimhex she finds a similar aiTansjement. 

O' 

uut there are ten chambers, and no aorta. 

The dorsal vessel is connected with the roof of tlie body by 
some short lunacies, and is usually much surrounded by fat-body 
into which tracheae penetrate ; by these various means it is kept 
in position, though only loosely attached ; beneath it there is 
a delicate, incomplete or fenestrate, membrane, delimiting a sort 
of space called the jiericardial chamber or sinus ; connected with 
this membrane are some very delicate muscles, the alary muscles, 
extending inwards from the body wall (b. Fig. 72): the curtain 
formed by these muscles and the fenestrate membrane is called 



Fig. 72. — Dorsal vessel 
(c), and alary muscles 
(6), of (JrylloUdpa ( after 
Graber) ; a, aorta. 

— Tlie ventral 
aspect is here dorsal, 
and nearly the whole 
of the body is removed 
to show these parts. 


77t 



Fio. 73. — Diagram of transverse section 
of j>cricardial sinus of Oedipoda roerir- 
ItMuns, (After Gmber, Arch. Mihr. 
AnaL ix.) H, heart ; a, septum ; wi, 
muscles — the u])per suspensory, the 
lower alar}*. 


the pericardial diaphragm or Beptuni. The alar)” laiiscles are 

not directly connected with the heart. 

It has been thought by some that delicate vessels exist l)eyond 
the aorta through which the fluid is distributed in definite 
channels, but this does not appear to lie really the ca^, although 
the fluid may frequently be seen to move in definite lines at some 
distance from the heart. 

There is still much uncertainty as to some of the details of 
the Jiction of the heart, and more especially as to the influence of 
the alary muscles. The effect of the contraction of these must 
be to iucrease the area of the periairdiul chamber by i-eudering 
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its floor or septum leas arched, as shown in our diagram (Fig. To), 
representing a transverse section Ihrotigh the pericardial chamher, 
H being the dorsal vessel with -tn its suspensory mnscles, and s its 
septum, with m the alary muscles. The contraction of these luttei 
would draw the septum into the position of the dotted line, thus 
increasing the area of the sinus above | but as this floor or septum 
is a fenestrated structure, its contraction allows fluid to pass 
through it to the chamber above ; thus this arrangement may 
be looked on as a means of keeping up a supply of fluid to the 
dorsal vessel, the i^erforated septum, when it contracts, exerting 
pressiu-e on the tissues below ; these are saturated with fluid, 
which passes through the apertures to the enlarged pericardial 
chamber. 

Some misconception has prevailed, too, as to the function of 
the pericardial chamber. This space frequently contains a large 
quantity of fat-body — pericardial tissue — together with tracheae, 
and this has given rise to the idea that it might be lung-like 
in function ; but, as Miall and Denny ' have pointed out, this is 
erroneous; the tissues in Insects have their own ample sup- 
plies of air. It has also been supposed that the alary muscles 
cause the contraction of the heart, but this is not directly the 
case, for they are not attached to it, and it pulsates after they 
have been severed It has been suggested that the contractions 
of this vessel are regulated by small ganglia placed on, or in, its 
substance. However this may be, these contractions vary enor- 
mously according to the condition of the Insect ; they may be 
as many, it is said, us 100 or more in a minute, or they may be 
very slow and feeble, if not altogether absent, without the death 
of the Insect ensuing. 

The expulsion of the blood from the front of the dorsal 
vessel seems to be due to the rhythm of the contrac- 
tion of the vessel as well as to its mechanical structure. 
Bataillon says,* confirming an observation of Reaumur, that at 
the period when the silkworm is about to change to the chrysalis 
condition, the circidation undergoes ^)eriodical changes, the fluid 
moving during some intervals of about ten minutes’ duration in 
a reversed direction, while at other times the blood is expelled 
in front and backwards simultaneously, owing apparently to a 
rhythmical change in the motle of contraction of the dorsal vessel. 

* Cockron'h, p. 140. * Bitll, S<i, Frame Belgique, xxv. 1893, p. 22. 
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As the dorsal vessel consists of a number of distinct chambers, 
it has been suggested that there is normally one of these for 
each segment of the bo<ly ; and it appears that the total number 
is sometimes thirteen, which is frequently that of the segments 
of the l>ody without the head. The number of chambers differs, 
however, greatly, as we have previously stated, and cannot l>e 
considered to support the idea of an original segmental arrange- 
ment of the chambers. The dorsal vessel, though in the adult a 
single organ, arises in the embryo from two lateral, widely 
separated parts which only in a subsequent stage of the embry- 
onic development coalesce in the median line. 

Fat-Body. 

In discussing the tracheae we remarked on the importance of 
their function and on their abundant presence in the body. 
Equally conspicuous, and perhaps scai-cely less important in func- 
tion, is the fat-body, which on opening some Insects, especially 
such as are in the larval stage, at once attracts attention. It 
consists of masses of various size and indefinite form distributed 
throughout the laxly, loosely connected together, and more or 
less surrounding and concealing the different organs. The coloui- 
varies according to the species of Insect. This fat-body is much 
connected with fine tracheal twigs, so that an organisation extend- 
ing throughout the body is thus formed. It may be looked on as 
a store of nutritious matter which may be added to or drawn 
on with gi'eat rapidity ; and it is no doubt on this that many of 
the internal parasites, so conunon in the earlier stages of Insects' 
lives, subsist before attacking the more permanent tissues of their 
hosts. There is some reason to suppose that the fat-body may 
have some potency in determining the hunger of the Insect, for 
some parasitised larvae eat incessantly. 

The matter extracted from the food taken into the stomach 
of the Insect, after undergoing some elaboration — on which point 
veiy little is known — finds its way into the body-cavity of the 
creature, and as it is not confined in any special vessels the fat- 
body has as unlimited a supply of the nutritive fluid as the 
other organs : if nutriment be present in much greater quantity 
than is required for the purposes of immediate activity, meta- 
morphosis or reproduction, it is no doubt taken up by the fat- 
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body which thus maintains, as it were, an independent feeble life, 
subject to the demands of the higher parts of the organisation. 
It undoubtedly is very important in metamorpliosis, indeed it 
is possible that one of the advantages of the larval state may be 
found in the fact that it facilitates, by means of the fat-body, 
the storage in the organisation of large quantities of material 
in a comparatively short i)eriod of time. 

A considerable quantity of fat tissue is found in the peri- 
cardial sinus, where it is frequently of somewhat peculiar form, and 
is spoken of as pericardial cells, or pericardial tissue. Some large 
cells, frequently of pale yellow colour, and containing no fat, are 
called oenocytes by Wielowiejski They are connected with the 
general fat-body, but are not entirely mingled with it ; several 
kinds have been already distinguished, and they are probably 
generally present. The phagocytes, or leucocytes, the cells that 
institute the process of histolysis in the metamorphosis of 
Mvscidae, are a form of blood cell ; though these cells are 
amoeboid some writers derive them from the fat-body. The 
cells in the blood have no doubt generally an intimate re- 
lation witli the fat-body, but very little accurate information ha.s 
been obtained as to these important physiological points, though 
Graber has inaugurated their study.' 

Organs of Sex 

The continuation of the species is effected in Insects by means 
of two sexes, each endowed with special reproductive organs. It 
has been stated that there are three sexes in some Insects — male, 
female, and neuter; but this is not correct, as the so-called 
neuters are truly sexed individuals, — generally females, — though, 
as a rule, they are not occupied with the direct physiological 
processes for continuing the species. 

The offspring is usually produced in the shape of eggs, w'hich 
are formed in ovaries. These organa consist of egg-tubes, a cluster 
of 'which is placed on each side of the body, and is suspended, 
according to l«ydig* and others, to the tissue connected with 
the heart by means of the thread-like terminations of the tubes. 
The number of egg-tubes varies greatly in different Insects; 
there may be only one to each ovary {Campodea), but usually the 

' Biol. Ctnlralbl. xl 18»1, p. 212. = Acta. Ac. German, xxxiii. 1867. No. 2, 
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number is greater, and in the queen-bee it is increased to about 
180. In the Queens of the Termitidae, or white ants, the ovaries 
take on an extraordinary development ; they fill the whole of the 
greatly distended hind-body. Three thousand egg-tubes, each con- 
taining many hundred eggs, may be found in a Queen Termite, so 
that, as has been said by Hagen,* an offspring of millions in number 
is probable. There is considerable variety in the arrangements 
for the growth of the eggs in the egg-tubes. Speaking concisely, 

the tubes may be considered to be 
centres of attraction for nutritive 
material, of which they frequently 
contain considerable stores. Next 
to the teiminal thread, of which we 
have already spoken, there is a 
greater or smaller enlargement of 
the tube, called the terminal cham- 
ber ; and there may also be nutri- 
ment chambers, in addition to the 
dilatations which form the egg-cham- 
bers proper. Korschelt * distinguishes 
three principal forms of egg-tubes, viz. 
(1) there are no special nutriment 
chambers, a condition shown in Figure 
74 ; (2) nutriment chambers alter- 
nate with the egg-chambei-s, as shown 
in our Figure of an egg - tube ot 

Fra. 74.-Se* of female of Dytiscus marginalis ; (3) the ler- 

Scotia interrupia (after Dufour) ; jxjJnal chamber takes on ail lUl usual 

development, acting as a large nutri- 

8ory gland (or sperniatheca) ; e, rnent chamber, there being no other 
external temnuai ,.art8 of body. nutriment chaml>ers. This 

condition is found in Rhizotrogus sohtitialis. The arrangements 
jis to successive or siniultaneoius production of the eggs in tlie 
tubes seem to differ in different Insects. In some forms, such as 
tlie white ants, the process of egg-formation (oogenesis) attains a 
rapidity that is almost incredible, and is continued, it is said, foi 
periods of many months. There is no j>oint in wh'.ch Insects 
differ more than in that of the number of eggs produced by one 



* Linnuca cntouwlotjica^ xiu 1858* p. 313. 

• XcHschr, u'iss, Zvol , 1SS6, xliii. p. tpZ9. 
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female. The egg-tubes are connected \vitl» a duct for the con- 
veyance of the eggs to the exterior, and the arrangements of 
the tubes with regard to the oviduct also vary 
much. An interesting condition is found in 
MacMHs (see Fig. 94, p. 188), where the seven 
egg -tubes are not arranged in a bunch, but 
open at a distance from one another into the 
elongated duct. The two oviducts usxially unite 
into one chamber, called the azygos portion or 
the uterus, near their termination. There are a 
few Insects (Ephemeridae) in which the two ovi- 
ducts do not unite, but have a pair of orifices at 
the extremity of the body. Hatchett- Jackson 
has recently shown ^ that in Vanessa to of the 
Order Lepidoptei-a, the paired larval oviducts are 
solid, and are fixed ventrally so as to represent 
an Ephemeridean stage ; that the azygos system 
of ducts and appended structures develop separ- 
ately from the original oviducts, and that they 
pass through stages represented in other Orders 
of Insects to the stage peculiar to the Lepi- 
doptera. Afa^hilis, according to Oudemans, is a 
complete connecting link between the Insects 
with single and those with jtaired orifices. 

There are in different Insects more than one 
kind of diverticula and accessory glands in con- 
nexion with the oviducts or uterus ; a recepta- 
culum seminis, also called spermatheca, is common. 

In the Lepidoptera there is added a remarkable 
structure, the bursa copulatrix, which is a pouch 
connected by a tubular isthmus with the common 
iwrtion of the oWduct, but ha\’ing at the same time a separate 
external orifice, so that there are two sexual orifices, the opening 
of the bursa copulatrix being the lower or more anterior. The 
organ called by Dufour in his various contributions glands sihijique, 
13 now considered to be, in some cases at any rate, a spermatheca. 

The special functions of the accessory glands are still very 
obscure. 

The ovaries of the female are replaced in the male b}' a pair 

* Tr. Linn. Soc. London, 2ndser. ; 2ool. v. 1890, p. 173. 


Fio. 75. — Egg-tul>c 
of Dytiscu4 
ffinalis ; egg- 
chamber ; nx^ 
Dutrinient chaiii' 
Wr ; tXy temitial 
chamber ; (Xy 
terminal thread. 
(After Kor* 
schelt.) 
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of testes, organs exhibiting much variety of form. The structure 
may consist of an extremely long and fine convoluted tube, packed 
into a small space and covered with a capsule ; or there may be 
several shorter tubes. As another extreme may be mentioned the 
existence of a number of small follicles opening into a common 
tube, several of these small bodies forming together a testis. As 
a rule each testis has its own capsule, but cases occur — very 
frequently in the Lepidoptera — in which the two testes are 
enclosed in a common capsule ; so that there then appears to be 
only one testis. The secretion of each testis is conveyed out- 
wards by means of a slender tube, the vas deferens, and there are 
always two such tubes, even when the two testes are placed 
in one capsule. The vasa deferentia differ greatly in their 
lengtli in different Insects, and are in some cases many times the 
length of the body ; they open into a common duct, the ductus 

Usually at some part of the vas deferens there 
exists a reservoir in tl»e form of a sac or dilata- 
tion, called the vesicula seininalis. There are 
in the male, as well as in the female, frequently 
diverticula, or glands, in connexion with the 
sexual })assages ; these sometimes exhibit very 
remarkable forms, as in tl>e common cockroach, 
but their functions are quite obscure. There 
is, as we have already remarked, extreme variety 
in the details of the structui'e of the internal 
reproiluctive ap}>aratu8 in the mule, and there are 
a few easels in which the vasa deferentia do not 
unite behind, but terminate in a pidi* of separate 
orifices. The genus Machilis is as remarkable in 
the form of tlie sexual glands and ducts of the 
male as we have already mentioned it to be in 
the corres|)onding parts of the female. 

Although the internal sexual organs are only 
dTflrentik*’ fully developed in the imago or terminal stage 
vesicuL-e semin- of the individual life, yet in reality their rudi- 
uror'^y*^wHb ineiits appear very early, and may be detected 
copiilaiory ar- from the embryo state onwards through the 

Dufour.) Other preparatory stages. 

The .spermatozoa of a considerable number of 
Insect.s, especially of Coleopteru, have been examined by Bidlo- 


ejaculatorius. 
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witz;^ they exhibit variety; usually they are of extremely 
elongate form, thread-like, with curious sagittate or simply 
pointed heads, and are of a fibrillar structure, breaking up at 
various parts into finer threads. 

External Sexual Organs. — The terminal segments of the 
body are usually very highly modified in connexion with the 
external sexual organs, and this modification occurs in such a 
great variety of forms as to render it impossible to give any general 
account thereof, or of the organs themselves. Some of these 
segments — or parts of the segments, for it may be dorsal plates 
or ventral plates, or both — may be withdrawn into the interior, 
and changed in shape, or may be doubled over, so that the 
true termination of the body may be concealed. The com- 
parative anatomy of all these parts is especially complex in 
the males, and has been as yet but little elucidated, and as the 
various terms made use of by descriptive entomologists are of 
an imsatisfactory nature we may be excused from enumerat- 
ing them. We may, however, mention that when a terminal 
chamber is found, with which both the alimentary canal and the 
sexual 0]^ans are connected, it is called a cloaca, as in other 
animals. 


Parthenogenesis. 

There are undoubted cases in Insects of the occurrence of 
parthenogenesis, that is, the production of young by a female 
without concurrence of a male. This phenomenon is usually 
limited to a small number of generations, as in the case of the 
Aphididae, or even to a single generation, as occurs in the alterna- 
tion of generations of many Cynipidae, a parthenogenetic alter- 
nating with a sexual generation. There are, however, a few 
species of Insects of which no male is known (in Tenthredinidae, 
Cynipidae, Coccidae), and these must be looked on as perpetually 
liarthenogenetic. It is a curious fact that tlie residt of partheno- 
genesis in some species is the production of only one sex, which 
in some Insects is female, in others male ; the phenomenon in the 
former case is called by Taschenberg * Thelyotoky, in the latter 
case Arrhenotoky ; Deuterotoky being applied to the cases in 
which two sexes are produced In some forms of portheno- 
* ZdUchr. Vrisa. Zool. L 1890, p. 317. ® AVi. Ges. Balle, xvii. 1892, p. 865. 
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genesis the young are produced alive instead of in the form of 
eggs. A very rare kind of parthenogenesis, called paedogenesis, 
lias been found to exist in two or three species of Diptera, 
yoving being produced by the immature Insect, either larva or 
pupa. 


Glands. 

Insects are provided with a variety of glands, some of 
which we have alluded to in describing the alimentary canal 
and the organs of sex ; but in addition to these there are others 
in connexion with the outer integument ; they may be either 
single cells, as described by Miall in Dicranota larva, ^ or groups 
of cells, isolated in tubes, or pouches. The minute structure 
of Insect glands has been to some extent described by leydig ; * 
they appear to be essentially of a simple nature, but their special 
functions are very problematic, it being difficult to obtain 
sufficient of their products for satisfactory examination. 

» Tr. Ent. Soc. Loyidon, 1893, p. 241. * Arch.. A)uU. Phys. 1855 and 1859. 
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EMBRYOLOGY EGGS MICROPYLES FORMATION OF EMBRYO VEN- 
TRAL PLATE ECTODERM AND ENDODERM SEGMENTATION 

LATER STAGES DIRECT OBSERVATION OF EMBRYO METAMOR- 
PHOSIS-COMPLETE AND INCOMPLETE INSTAR HYPERMETA- 
MORPHOSIS METAMORPHOSIS OF INTERNAL ORGANS INTEGU- 
MENT METAMORPHOSIS OF BLOWFLY HISTOLYSIS IMAGINAL 

DISCS PHYSIOLOGY OF METAMORPHOSIS ECDYSIS. 

The processes for the maintenance of the life of the individual 
ate in Insects of less proportional importance in comparison with 
those for the maintenance of the species than they are in Verte- 
brates. The generations of Insects are numerous, and the in- 
dividuals produced in each generation are still more profuse. 
The individuals have as a rule only a short life ; sevei-al successive 
generations may indeed make their appearances and disappear 
in the course of a single year. 

Although eggs are laid by the great majority of Insects, a 
few species nevertheless increase their, numbers by the production 
of living young, in a shape more or less closely similar to that 
of the parent. This is well known to take place in the Aphi- 
didae or green-fly Insects, whose rapid increase in numbers is 
such n plague to the farmer and gardener. These and some other 
cases are, Iiowever. exceptional, and only emphasise the fact that 
Insects are pre-eminently oviparous. Leydig, indeed, has found 
in tlie same Aphis, and even in the same ovary, an egg-tube 
producing eggs while a neighbouring tube is producing vivi- 
piu'ous individuala* In the Diptera inipipara the young me 

• Adiu Ae. fierman. xxxiii. 1867, Xo. 2, p. 81. 
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produced one at a time, and are born in the pupal stage of their 
<levelopmeiit, the earlier larval state being undergone in the 
body of the parent : thus a single large egg is laid, which is 
really a pupa. 

The eggs are usually of rather large size in comparison with 
the parent, and are produced in numbers varying according to 
the species from a few — 15 or even less in some fdssorial 
Hyiueuoptera — to many thousands in the social Insects : some- 
where between 50 and 100 may perhaps be taken as an 
average nuniber for one female to produce. The whole number 
is frequently deposited with rapidity, and the parent tKen dies 
at once. Some of the migratoiy locusts are known to deposit 
batclies of eggs after considerable intervals of time and change 
of locality. The social Insects present extraordinary anomalies 
as to the production of the eggs and the prolongation of the life 
of the female parent, who is in such cases called a queen. 

The living matter contained in the egg of an Insect is 
protected by three external coats : (1) a delicate interior oolemm ; 

(2) a stronger, usually shell-like, covering 
^ called the chorion ; (3) a layer of material 
added to the exterior of the egg from 
glands, at or near the time when it is 
deposited, and of very various character, 
sometimes forming a coat on each egg 
and sometimes a common covering or 
capside for a number of eggs. The egg- 
shell proper, or chorion, is fi“cquently 

FIO. 77.-Upp.r or micro- covered in whole or part with a complex 
pylar aspect of egg of minute sculpture, of a symmetrical char- 

acter, and in some cases this is very 
highly developed, forming an ornamenta- 
tion of much delicacy ; hence some Insects' eggs are objects of 
admirable appearance, though the microscope is of course necessary 
to reveal tlieir charms. One of the families of butterflies, the 
Lycaenidae, is remarkable for the complex forms displayed by the 
ornamentation of the chorion (see Fig. 78, B). 

The egg-shell at one pole of the egg is perforated by one or 
more minute orifices for the admission to the interior of the 
8j>ermatozoon, and it is tlie rule that the shell hereabouts is 
symmetrically sculptured (see Ffg. 77), even when it is unorna- 


Vnn€Asa carduu 
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mented elsewhere : the apertures in question are called micro- 
pyles. They are sometimes protected by a micropyle apparatus, 
consisting of raised processes, or porches : these are developed 
to an extraordinary extent in some eggs, especially in those of 




Fio. 78. — Egffs of In- 
sects : A, blowfly 
(after HenkiDg) ; B, 
butterfly, Theda 
(after Scudder) ; C* 
HemipteroQ (Redu- 
vud). 


C 


Hemiptera-Heteroptera (see Fig. 78, C). Some of these peculiar 
structures have been described and figured by Leuckart.* The 
purpose they serve is quite obscure. 


Formation of Embryo. 

The mature, but unfertilised, egg is filled with matter that 
should ultimately become the future individual, and in the 
process of attaining this end is the seat of a most remarkable 
series of changes, which in some Insects are passed through with 
extreme rapidity. The egg-coutents consist of a comparatively 
structureless matrix of a protoplasmic nature and of yolk, both 
of which are distributed throughout the egg in an approximately 
even nianuer. The yolk, however, is by no means of a simple 
nature, but consists, even in a single egg, of two or three kinds 
of sphenUar or granular constituents; and these vary much in their 
appearance and arrangement in the early stages of the develop- 
ment of an egg, the yolk of the same egg being either of a homo- 
geneously granular nature, or consisting of granules and larger 
masses, as well as of particles of fatty matter ; these latter when 
seen through the microscope looking sometimes like shininf', 
nearly colourless, globules. The uature of the matrix — which term 
we may apply to both the protoplasm and yolk as distinguished 

* 21<iner*9 Arch. Anai. Phys. 1855» p. 90, 
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from the minute formative portions of the egg — and the changes 
that take place in it have been to some extent studied, and 
Kowalewskj. Dohrn,’ 'Woodwortli,* and others have given some 
pirticulars about them. The early changes in the formative 
parts of the mature egg have been observed by Henking in 
several Insects, and particularly in Pyrrhocoris, his observations 
being of considerable interest. 'When the egg is in the 
ovary and before it is quite mature, — at the time, in fact, 
when it is receiving nutriment from ovarian cells, — it contains 
a germinal vesicle including a germinal spot, but when the 
egg is mature the germinal vesicle has disappeared, and there 
exists in its place at one portion of the periphery of the egg- 
contents a cluster of minute bodies called chromosomes by Henking, 
whom we shall follow in briefly describing their changes. The 

group divides into two, each of 
wliich is arranged in a rod or 
spindle - like manner, and may 
then be called a directive rod 
or spindle. The outer of these 
two groups travels quite to the 
periphery of the egg, and there 
with some adjacent matter is 
extruded quite outside the egg- 
contents (not outside the egg- 
coverings), being in its aug- 
mented form called a polar or 
directive body. While this is 
going on the second directive 

no. 79. -Showing the two extruded I^iar gpindle itself divides into two 
bodies P|» Pj now nearly fused and re* ^ 

included, and the fonnatioQ of the grOUpS, the outer 01 whlch IS 

spindle bjr junction of the mnie and extruded in the manner 

female pronuclei. (After Henking.) 

we have already described in 
the case of the first polar body, thus completing the extrusion of 
two directive bodies. The essential parts of the bodies that 
are successively formed during these processes are the aggregates, 
called chromosomes ; the number of these chromosomes appears 
to l)e constant in each 8j)ecies ; their movements and dispositions 
are of a very interesting character, the systems they form in 



* 7nts<)\T, vTiaa. Zool. zztL 1876, p. 116. 

* Scu<klcr, BnUtrjiits of New England, i. 1889, p. 99. 
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the course of their development having polar and equatorial 
arrangements. These we cannot further allude to, but may 
mention that the extrusion of the directive bodies is only 
temporary, they being again included witliin the periphery of the 
^7 growth and extension of adjacent parts which meet 
over and thus enclose the bodies. 

The arrangements and movements we have briefly alluded to 
have been limited to the unfertilised condition of the egg (we 
should rather say, the fertilising element has taken no part in 
them), and have as their result the imion of the chromosomes 
existing after the extrusion of the two polar bodies, into a small 
body called the female pronucleus or egg-nucleus (Eikem), while 
the position of the movements has been an extremely minute 
portion of the egg near to its outer surface or periphery. The 
introduction of a sperm, or male, element to the egg through 
the micropyle gives rise to the formation of another minute body 
placed more in the interior of the egg. and called the sperm- 
nucleus. The egg-nucleus, travelling more into the interior of 
the egg, meets the sperm-nucleus ; the two amalgamate, forming 
a nucleus or body that goes through a series of changes resulting 
in its division into two daughter-bodies. These two again divide, 
and by repetitions of such division a large number of nuclei 
are formed which become arranged in a continuous manner so 
as to form an envelope enclosing a considerable part (if not 
quite the whole) of the egg-mass. This envelope is called the 
blastoderm, and together with its contento will form the embryo 
We must merely aUude to the fact that it has been considered 
that some of the nuclei forming the blastoderm arise directly 
from the egg-mass by a process of amalgamation, and if tbi 
prove to be correct it may be admitted that some portions of 
the embryo are not entirely the result of division or segmentation 
of combined germ and sperm-nuclei Wheeler states i that some 
of the nuclei formed by the first difierentiation go to form the 
vitellophags scattered throughout the yolk. We should also 
rei^k that, according to Henking, the blastoderm when com- 
ple^ shows at one part a thickening, immediately under 
which (».e. included in the area the blastoderm encloses) are the 
two polar bodies, which, as we have seen, were formed by the 
germinating body at an earlier stage of its activity. Fig. 79 

> J, Morphol. Viii 1898, ^ 81 ; see also Oisber’e table on p. 149. 
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represents a stage in the development of PyrrhocoHs. showing 
the interiot of the egg after a body has been formed by the union 
of the sperm and egg-nuclei; this body is about to undergo 
division or segmentation, and the equatorial arrangement where 
this will take place is seen. The two polar bodies P , P,, after 
having been excluded, are nearly reincluded in the egg.^ 


The Ventral Plate. 


The next important change after the formation of the blastoderm 
is the partial detachment of a part of its periphery to become 

placed in the interior of the other and larger 
portion. The way in which this takes place 
will be gathered from the accompanying dia- 
grammatic figures taken from Graber : a 
thickened portion (a b) of the blastoderm 
becomes indrawn so as to leave a fold 
(c d) at each point of its withdrawal, and 
these folds afterwards grow and meet so as 
to enclose the thickened portion. The outer 
envelope, formed in part by the original 
blastoderm and in part by the new growth, 
is called the serosa (« /), the inner layer (g) of 
the conjoined new folds being termed the 
. , , „ amnion : the part withdrawn to the interior 

ventral plate ; B. e, , j v j • • 

d, folds of the bias- ^nd covered by the serosa and amnion is 

toderm that form the called the ventral plate, or germinal band 
amnion and serosa; {Kexmstretj), and becomes developed into the 



Fio. 80e— Stages of the 
enclosure of the ven« 
trft] plate : A* a, 6, 


C, e, /, part of the animal. The details of the withdrawal 

eerosa ; amDiou. 

of the ventral plate to the interior are very 
different in the various Insects that have been investigated. 

One of the earliest stages in the development is a differentia- 
tion of a portion of the ventral plate into layers from which 
the future parts of the organisation will be derived. This 


separation of endoderm from ectoderm takes place by a sort 
of invagination, analogous with that by which the ventral plate 
itself is formed. A longitudinal depression running along the 
middle of the ventral plate appears, and forms a groove or 
channel, which becomes obliterated as to its outer face by the 
meeting together of the two margins of the groove (except on the 
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anterior part, which remains open). The more internal layer of 
the periphery of this closed canal is the origin of the endo- 
derm and its derivatives. Subsequently the ventral plate and 
its derivatives grow so as to form the ventral part and 
the internal organs of the Insect, the dorsal part being com- 
pleted much later by growths that differ much in different 
Insects ; Graber, who has specially investigated this matter, 
informing txs ' that an astonishing multifariousness is displayed. 
It would appear that the various modes of this development 
do not coincide with the divisions into Orders and Families 
adopted by any systematists. 

We should observe that the terms ectoderm, mesoderm, and 
endoderm will probably be no longer applied to the layers of the 
embryo when embryologists shall have decided as to the nature 
of the derived layers, and shall have agreed as to names for 
them. According to the nomenclature of Graber* the blasto- 
derm differentiates into Ectoblast and Endoblast ; this latter 
undergoing a further differentiation into Coeloblaat and Myoblast. 
This talented embryologist gives the following table of the 
relations of the embryonic layers and their nomenclature, the 
first term of each group being the one he proposed to use : — 


Frotoblftst; 



PeribUft 
(EpibUat, 
blutoderm). 

CentroblAst 
(Yolk^eellS) h^po. 
blast, aadoderm 
in part of Bal- 
foQr). 


•Ectoblast 
(Ectoderm, outer 
laytr). 


Endoblast 
or Hypoblast^ 
Innar layer. 

(Mesoblast of Bal 
four.) 

Hesoderm and endo 
dam. 



Part of yolk calU, 

Coeloblast 

(Bndodem in oar- 
rower sense). 

Myoblast (Meso- 
derm of most 
authors). Darm- 
muikelUatt. 


Ifussbaum considers* that “there are four layers in the cock- 
roach-embryo, viz. (1) epiblast, from which the integument and 
nervous system are developed; (2) somatic layer of viesollast, 
mainly converted into the muscles of the body-wall; (3) splanchnic 
layer of mesoblast, yielding the muscular coat of the alimentary 
canal ; and (4) hypoUa&t, yielding the epithelium of the mesen- 
teron,” 

Turning our attention to the origin of the segmentation, that 
is so marked a feature of Insect structure, we find that evidence 

» Denk. Ak. Wien, U. 1888, p. 109, etc, » MorpK Jahrh. xiv. 1888, p, 847. 

* In null and Denny, Cotkreaeh, p. 188. 
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of division or arrangement of the body into segments appears 
' early, as shown in our Figure of some of the early stages 
of development of Lina (a beetle). Fig. 81. In A the segmen- 
tation of the ectoderm has not commenced, but the procephalic 
lobes (^P (7) are seen ; in B the three head segments are distinct, 
while in C the thoracic segmentation has occurred, and that 
of the abdomen has commenced. Graber considers that in this 
species the abdomen consists of ten segmental lobes, and a 
terminal piece or telson. According to Graber ^ this is not a 
primitive condition, but is preceded by a division into three or 



Fio. 81. — E&rly stagu of the segmestAtiOD of a beotle (Lirui): A« Mgruant&tion not risible, 
1 day ; B, segmeoUtion of bead riaible ; C, segmentatioD atiU more adrancod, 2} 
days ; PC, procephalic lobes ; segments bearing appendages of the bead ; 

th, thorax ; th\ th^f segments of the thorax ; a}^ anterior abdominab 


four parts^ corresponding with the divisions that will afterwards 
be head, thorax, and abdomen. This primary segmentation, he 
says, takes place in the Hypoblast (Endoderm) layer of the ventral 
plate ; this layer being, in an early stage of the development of 
a common grasshopper {StcTiohothTua variahilis), divided into 
four sections, two of which go to form the head, while the others 
become thorax and abdomen respectively. In Lina the primary 
segmentation is, Graber says, into three instead of four parts. 
Graber’s opinion on the primary segmentation does not appear 
to be generally accepted, and Wheeler, who has studied * the 

' Morph. Jahrh. xir. 1888, p. 846. * J. Morphol. riu. 1898, p. 1- 
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embryologj' of another Orthopteron, considers it will prove 
to be incorrect. When the secondary segmentation occurs the 
anterior of the two cephalic di\'isions remains intact, while the 
second divides into the three parts that afterwards bear the 
mouth parts as appendages. The thoracic mass subsequently 
segments into three parts, and still later the hind part of the 
ventral plate undergoes a similar differentiation so as to form the 
abdominal segments ; what the exact number of these may be 
is, however, by no means easy to decide, the di\'isiou being but 
vague, especially posteriorly, and not occurring all at once, but 
progressing from before backwards. 

The investigations that have been made in reference to the 


segmentation of the ventral plate do not at present justify us 
in asserting that ail Insects are formed from the same number 
of embryonic segments. The matter is summarised by Lowne, to 
the effect that posterior to the procephalic lobes there are three 
head segments and three thoracic segments, and a number of 
abdominal segments, “ rarely less than nine or more than eleven.” 
It will be seen by referring to Figure 81 that the segmentation 


appears, not simultaneously, but 
progressively from the head back- 
wards ; this of course greatly in- 
creases the difficulty of determin- 
ing by means of a section the real 
number of segments. 

The later stages in the develop- 
ment of Insects are already proved 
to be 60 various that it would be 
impossible to attempt to follow 
them in detail; but in Fig. 82 
we represent a median section 
of the embryo of Zygatna JUipen- 
dxda at the fifth day. It shows 
well some of the more important 
of the general features of the de- 
velopment at a stage subsequent to 
those represented in Fig. 81, A, B. 
C. The very distinct stomodaeum 



Fio. 82 »— Embryo of ft moth 

ftt Xht fifth dfty (ftfler Gnber) ; 


ftmuoD ; fteroftft ; procephftik 
lobes ; tty stomodfteiim ; pr, procio- 
dfteom ; the month parts 

or head appeoda^ ; tk\ 

ap pen dages of tbs thoracic segments ; 

abdominal segments ; saU« 
Tftry gland. 


(«0 and proctodaemn (pr) are seen as inflexions of the external 
wall of the body ; the segmentation and the development of the 
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ventral parts of the embryo are weU advanced, whUe the dorsal 
part of the embryo is still quite incomplete. 

The method of investigation by which embryologists chiefly 
carry on their researches is that of dividing the egg after 
proper preparation, into a large number of thin sections, which 
are afterwards examined in detail, so as to allow the arrange- 
ment to be completely inferred and described. Valuable as this 
method is, it is nevertheless clear that it should, if possible, 
be supplemented by direct observation of the processes as they 
take place in the living egg : this method was formerly used, 
and by its aid we may still hope to obtain exact knowledge 
as to the arrangements and rearrangements of particles by 
which the structures develop. Such questions as whether the 
whole formative power in the egg is absolutely confined to 
one or two small centres to which the whole of the other egg 
contents are merely, as it were, passive accessories, or whether an 
egg is a combination in which some portion of the powers of 
rearrangement is possessed by other particles, as well as the 
chromosomes, in virtue of their own nature or of their position 
at an early period in the whole, can scarcely be settled without 
the aid of direct observation of the processes during life. 

The importance of the yolk is recognised by most of the 
recent writers. Nussbaum states (loc. cit.') that “scattered yolk- 
cells associate themselves with the mesoblast cells, so that the 
constituents of the mesoblast have a twofold origin.” Wheeler 
finds ^ that amoeboid cells — he styles them vitellophags — 
traverse the yolk and assist in its rearrangement ; he insists on 
the importance both as regards quantity and quality of the yolk. 

The eggs of some insects are fairly transparent, and the 
process of development in them can, to a certain extent, be 
observed by simple inspection with the microscope ; a method 
that was used by Weismann in his observations on the embry- 
ology of Chironomus. There is a moth (^Limacodes teatudo), that 
has no objection to depositing its eggs on glass microscope-slides. 
These eggs are about a millimetre long, somewhat more than half 
that width, are very flat, and the egg-shell or chorion is very thin 
and perfectly transparent. When first laid the contents of this 
egg appear nearly homogeneous and evenly distributed, a finely 
granular appearance being presented throughout ; but in twenty- 

* J. Iforphol. viiL 1893, pp. 64, 66. and 81. 
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four hours a great change is found to have taken place. The 
whole superficial contents of the egg are at that time arranged in 
groups, having the appearance of separate rounded or oval masses, 
pressed together so as to destroy much of their globular symmetry. 
The egg contents are also divided into very distinct forms, a 
granular matter, and a large number of transparent globules, 
these latter being the fatty portion of the yolk ; these are present 
everywhere, though in the centre there is a space where they are 
very scanty, and they also do not extend quite to the circum- 
ference. But the most remarkable change that has taken place 
is the appearance in the middle of the field of an area different 
from the rest in several particulars ; it 
occupies about one-third of the width 
and one-third of the length ; it has a 
whiter and more opaque appearance, 
and the fat globules in it are fewer in 
number and more indistinct. This 
area is afterwards seen to be occupied 
by the developing embryo, the outlines 
of which become gradually more dis- 
tinct. Fig. 83 gives an idea of the 
appearance of the egg about the middle 
period of the development. In warm 
weather the larva emerges from this 
egg ten or eleven days after it has 
been deposited. 

The period occupied by the develop- 
ment of the embryo is very different in 
the various kinds of Insects; the blowfiy 
embryo is fully developed in less than 
twenty-four hours, while in some of the Orthoptera the embryonic 
stage may be prolonged through several montha According to 
Woodworth the blastoderm in VaTtessa antiopa is complete in 
twenty-four hours after the deposition of the egg, and the 
involution of the ventral plate is accomplished within three days 
of deposition. 

Metamorphosis. 

The ontogeny, or life history of the individual, of Insects is 
peculiar, inasmuch as a very large part of the development takes 



Fio. 83. — A, Egg of Lijiuicodts 
Ustudo about the middle of 
the developmeDt of the 
bryo ; B, mieropyles aud eur* 
rounding sculpture of chorion. 
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place only late in life and after growth has been completed. Insects 
l^ve the egg in a certain form, and in that condition they con- 
tinue — with, however, a greater or less amount of change according 
to kind — till growth is completed, when, in many cases, a very great 
change of form takes place. Post-embryonic development, or 
change of form of this kind, is called metamorphosis. It is not a 
phenomenon peculiar to Insects, but exists to a greater or less 
extent in other groups of the Metazoa ; while simpler post- 
embryonic development occurs in nearly all, as in scarcely any 
complex animals are all the organs completely formed at the time 
the individual becomes possessed of a separate existence. In 
many animals other than Insects the post-embryonic development 
assumes most remarkable and complex forms, though there are 
perhaps none in which the phenomenon is very Himilar to the 
metamorphosis of Insects. The essential features of metamor- 
phosis, as exhibited in the great class we are writing of, appear 
to be the separation in time of growth and development, and the 
limitation of the reproductive processes to a short period at the 
end of the individual life. The peculiar phenomena of the post- 
embryonic development of the white ants show that there exists 
some remarkable correlation between the condition of the repro- 
ductive organs and the development of the other parts of the 
organisation. If we take it that the post-embryonic pliysio- 
logical processes of any individual Insect are of three kinds, 
— growth, development, and reproduction, — then we may say 
that in the higher Insects these three processes are almost 
completely separated, and go on consecutively, the order being, — 
first, growth; second, development; third, reproduction. While, 
if we complete the view by including the processes comprised in 
the formation of the egg and the development therein, the series 
will be — (1) oogenesis, or egg-growth; (2) development (embry- 
onic); (3) growth (post-embryonic); (4) development (post- 
embryonic); (5) reproduction. 

The metamorphosis of Insects is one of the most interesting 
parts of entomology. It is, however, as yet very little known 
from a scientific point of view, although the simpler of its 
external characters have for many ages past attracted the 
attention and elicited the admiration of lovers of nature. It 
may seem incorrect to say that little is yet known scientifically 
of a phenomenon concerning which references almost innumer- 
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able are to be found in literature : nevertheless the observations 
that have been raade as to metamorphosis, and the analysis that 
has been commenced of the facts are at present little more than 
sufficient to show us how vast and complex is the subject, and 
how great are the difficulties it presents 

There are three great fields of inquiry in regard to meta- 
morphosis, viz. (1) the external form at the different stages; 
(2) the internal organs and their changes; (3) the physiological 
processes. Of these only the first has yet received any extensive 
attention, though it is the third that precedec or underlies the 
other two, and is the most important. We will say a few words 
about each of these departments of the inquiry. Taking first 
the external form — the instar. But before turning to this we 
must point out that in limiting the inquiry to the post-embryonic 
development, we are making one of those limitations that give rise 
to much misconception, though they are necessary for the acquisi- 
tion of knowledge as to any complex set of phenomena. If we 
assume five well-marked stages as constituting the life of an Insect 
with extreme metamorphosis, viz. (1) the formation and growth of 
the egg; (2) the changes in the egg culminating in its hatching 
after fertilisation ; (3) the period of growth ; (4) the pupal 
changes ; (5) the life of the perfect Insect ; and if we limit our 
inquiry about development to the latter three, we are then 
shutting out of view a great preliminary question, viz. whether 
some Insects leave the egg in a different stage of development to 
others, and we are consequently exposing ourselves to the risk 
of forgetting that some of the distinctions we observe in the 
subsequent metamorphosis may be consequential on differences in 
the embryonic development. 

Instar and Stadi nm. 

Figs. 84 and 85 represent corresponding stages in the life 
of two different Insects, Fig. 84 showing a locust {Acridiuiri), 
and Fig. 85 a white butterfly. In each A represents the 
newly-hatched individual ; B, the insect just before its perfect 
state ; C, the perfect or imago stage. On comparing the two sets 
of figures we see that the C stages correspond pretty well as 
re^ds the most important features (the position of the wings 
being unimportant), that the A stages are moderately different, 
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while the B states are not to be recognised as equivalent condi- 
tions. 

Every Insect after leaving the egg undergoes during the 
process of growth castings of the skin, each of which is called 



Fig. 84. — liOOiat 
{Acridium per- 
egrinum) : A» 
newly hatched; 
B, juet ante* 
cedent to last 
ecdysU ; C, per- 
fect Insect* 


a moult or ecdysis. Taking for our present purpose five as the 
number of ecdyses undergone by both the locust and butterfly, 
we may express the differences in the successions of change we 
portray in Figs. 84 and 85 by saying that previous to the 



Flo. 85. — Bottarfly (PierU) : 
A* the newly batched 
young, or larra magnified ; 

B, pupa (natural size) just 
antecedent to last ecdysis ; 

C, perfect Insect* 


first ecdysis the two Insects are moderately dissimilar, that the 
locust undergoes a moderate change before reaching the fifth 
ecdysis, and undergoes another moderate change at this moult, thus 
reaching its perfect condition by a alight, rather gradual series of 
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alterations of form. On the other hand, the butterfly under- 
goes but little modification, remaining much in the condition 
shown by A, Fig. 85, till the fourth, or penultimate, ecdysis. 
but then suffers a complete change of form and condition, which 
apparently is only inferior to another astonishing change that 
takes place at the fifth or final moult. The chief, though by no 
means the only, diflerence between the two series consists in the 
fact that the butterfly has interposed between the penultimate 
and the final ecdyses a completely quiescent helpless condition, in 
which it is deprived of external organs of sense, locomotion, and 
nutrition ; while in the loc\ist there is no loss of these organs, and 
such quiescent period as exists is confined to a short period just 
at the fifth ecdysia The changes exhibited by the butterfly are 
called “ complete metamorphosis,” while this phenomenon in the 
locust is said to be " incomplete.” The Insect with complete 
metamorphosis is in its early stage called a larva, and in the 
quiescent state a pupa. The adult state in both butterfly and 
locust is known as imago or perfect Insect. 

The most conspicuous of the differences between Insects with 
complete and those with incomplete metamorphosis is, as we 
have remarked, the existence in the former of a pupa. The 
pupal state is by no means similar in all the Insects that 
p<»ses3 it. The most anomalous conditions in regard to 
it occur in the Order Keuroptera. In some members of 
that Order — the Caddis-flies for instance — the pupa is at first 
quiescent, but becomes active before the last ecdysis ; while in 
another division — the May-flies — the last ecdysis is not preceded 
by a formed pupa, nor is there even a distinct pupal period, but 
the penultimate ecdysis is accompanied by a change of form to 
the winged condition, the final ecdysis being merely a casting of 
the skin after the winged state has been assumed. In the 
Odonata or Dragon-flies there is no pupal stage, but the change 
of form occurring at the last ecdysis is very great. In those 
Insects where the interval between the last two moults is not 
accompanied by the creature’s passing into a definite, quiescent 
pupa, the individual is frequently called then a nymph ; but the 
tenji nymph has merely a distinctive meaning, and is not capable 
of ^curate definition, owing to the variety of different conditions 
covered by the word. Eaton, in describing this term as it is used 
for ^ Ephemeridae, says, " Kymphs are young which lead an 
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active life, quitting the egg at a tolerably advanced stage of 
morphological development, and having the mouth-parts formed 
after the same main type of construction as those of the adult 
insect.” ^ 

The intervals between the ecdyses are called stadia, the first 
stadium being the period between hatching and the first ecdysis. 
Unfortunately no term is in general use to express the form of 
the Insect at the various stadia ; entomologists say, “ the form 
assumed at the first moult,” and so on. To avoid this circum- 
locution it may be well to adopt a term suggested by Fischer,* 
and call the Insect as it appears at hatching the first instar, 
what it is as it emerges from the first ecdysis the second instar, 
and so on ; in that case the pupa of a Lepidopteron that assumed 
that condition at the fifth ecdysis would be the sixth instar, and 
the butterfly itself would be the seventh instar. 

Various terms are used to express the differences that exist in 
the metamorphoses of Insects, and as these terms refer chiefly to 
the changes in the outer form, we will here mention them. As 
already stated, the locust is, in our own language, said to have an 
incomplete metamorphosis, the butterfly a complete one. The 
term Holornetabola has been proposed for Insects with complete 
metamorpliosis, while the appellations Ametabola, Hemimetabola, 
Heterometabola, and Paurometabola have been invented for 
the various forms of incomplete, or rather less complex, meta- 
morphosis. Some writers use the term Ametabola for Insects 
that are supposed to exhibit no change of external form after 
quitting the egg, the contrasted series of all other Insects being 
then called Metabola. Westwood and others use the word 
Homomorpha for Insects in which the condition on hatching 
more or less resembles that attained at the close of the develop- 
ment, and Heteromorpha for those in which the form on 
emergence from the egg differs much from what it ultimately 
becomes. 

Hjpermetamorphosis. 

There are certain unusual changes to which the term 
hyperraetamorphosis has been applied ; these we can here only 
briefly allude to. 

> Trans. Linn. Soc., 2Dd Series, “Zool.” 1888, iii. p. 12. 

* OrihcfpUra europaea^ 1853, p. 37. 
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Insects that have complete metamorphoses, and are not 
supplied with food by their parents or guardians, are provided 
during their larval life with special modifications of extremely 
various kinds to fit them for the period of life during which they 
are obtaining food and growing. Thus caterpillars possess numer- 
ous adaptations to fit them for the period during which they 
live on leaves, while maggots have modifications enabling them to 
live amongst decomposing fiesh. Some larvae are greatly modified 
in this adaptive way, and when the adaptations change greatly 
during the life of the larva, hj'permetamorphosis is said to exist. 
As an instance we may mention some beetle larvae that are bom 
with legs by whose aid they can cling to a bee, and so get 






Fio. 86. — Prepan* 
lory stages of 
Siiaris humer^^ 
alts: 9, 10, 11, 

12, first, secood, 
third, and fourth 
larral iastars ; 

13, pupa. (After 
Lubbock aud 
Fabre.) 


carried to its nest, where they will in future live on the stores 
of food the bee provides for its own young. In order that they 
may be accommodated to their totally different second circum- 
stances, they change their first form, losing their legs, and be- 
coming almost bladder-like creatures, fitted for floating on the 
honey without being injured by it. Such an occurrence has 
descnM by Fabre * in the case of Sitaris humeralis, and 
^ figures have been reproduced in Sir John Lubbock’s book on 
the metamorphoses of Insects,* as weU as in other works, yet they 

again, especially as the 
bject IS stiU only m its infancy ; we at present see no sufficient 

for the later of these larval states. little is. we believe 
’ Sd. Abfc Zool. Ser. iv. toL vii. 1867, pi. 17. 


* Natan Series, 1S74. 



i6o 


METAMORPHOSIS 


CHAP. 



There are certain minute Hymenoptei-a that deposit their 
eggs inside the eggs of other Insects, where the beings hatched 
from the parasitic eggs subsequently undergo their development 
and growth, finding their sustenance in the yolk or embryo con- 
tained in the host-egg. It is evident that such a life is very 
anomalous as regards both food and the conditions for respira- 
tion, and we consequently find that these tiny egg-parasites go 
through a series of changes of form of a most remarkable 
character.^ It would appear that in these cases the embryonic 
and post-embryonic developments are not separated in the same 
way as they are in other Insects. We are not aware that any 
term has yet been proposed for this very curious kind of Insect 
development, which, as pointed out by Brauer,* is doubtless of a 
different nature from the hypermetamorphosis of Sitaris. 


Changes in Internal Organs. 

In relation to the post-embryonic development of the internal 
organs of the body there is but little exact generalisation to be 
made, the anatomical condition of these organs at the time of 
emergence from the egg having been ascertained in but few 
Insects. We know that in Holometabolous Insects the internal 
anatomy differs profoundly in the larval and imaginal instars. 
As to Insects with more imperfect metamorphosis very little 
information exists, but it appears probable that in many no ex- 
tensive distinctions exist between the newly-hatched and the 
adult forms, except in the condition of the reproductive organs. 
Differences of minor importance doubtless exist, but there is 
almost no information as to their extent, or as to the periods at 
which the changes occur ; so that we do not know to what 
extent they may be concentrated at the final eedysis. In Insects 
with perfect metamorphosis the structui-es of the internal organs 
are, as we have said, in many cases totally different in the larval 
and imaginal periods of the life ; but these changes are far from 
being uniform in all Holometabola. The nervous system in 
some cases imdergoes a great concentration of the ganglia, in 
others does not, and important distinctions exist in this respect 
even within the limits of a single Order, such as the Coleoptera. 

> See Proctotrupidae subsequently. 

* Verh. Zool.-bot. Qta. Wien, xix. 1869, p. 839. 
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Some Insects take ther same kind of food throughout their lives, 
but many others change totally in this respect, and their organs 
for the prehension and digestion of food undergo a corre- 
sponding change. Butterflies suck food in the form of liquid 
juices from flowers by means of a delicate and long proboscis, 
while the young butterfly — the caterpillar — disdains sweets, 
and consumes, by the assistance of powerful mandibles, a great 
bulk of leaves. Other Holometabola undergo no such total change 
of habits ; the tiger -beetle, for instance, is as ferocious a con- 
sumer of the juices of Insects in its young stage as it is in the 
adult condition. Hence Brauer ^ divides Insects, as regards this 
point, into three categories. The forms in which both the yoimg 
and adult take food by suction he calls Menorhyncha ; those in 
which both the imago and immature forms feed by mandibles he 
calls Menognatha ; while hCs Metagnatha consists of those insects 
that take food by jaws when young, but by suction with tubular 
mouths when mature. Besides these main divisions there are 
some exceptional cases to which we need not here allude, our 
present object being to indicate that in the Metagnatha the 
digestive organs are of a very different nature in the young and 
in the adult states of existence. 

The internal organs for the continuance of the species are 
known to be present in a rudimentary stage in the embryo, and 
it is a rule that they do not attain their full development until 
growth has been completed ; to this rule there may possibly be 
an exception in the case of the Aptera. But little information 
of a comparative character exists as to the dorsal vessel and the 
changes it undergoes during metamorphosia There is con- 
siderable difficulty in connexion with the examination of this 
structure, but it appears probable that it is one of the organs 
that changes the least during the process of metamorphosis. 

The exact nature of the internal changes that occur during 
metamorphosis is almost a modern subject. It is of course a 
matter of great diiflculty to observe and record changes that go 
on in the interior of such small creatures as Insects, and when 
the phenomena occur with great rapidity, as is frequently the 
case in Insect metamorphosis, the difi&ciUty is much increased. 
Nevertheless the subject is of such great interest that it has been 
investigated with a skill and perseverance that aaII for the 

‘ “Sjst. ZooL Stud.” SB. JFieh, Abtb. 1, xd. 1885, p. 291. 
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highest admiration. The greater part of the information ob- 
tained refers to a single Insect, the blowfly ; and amongst those 
who have made important contributions to it we may mention 
Weismann,* Viallanes,^ Ganin,* and Van Rees,^ and it is at pre- 
sent under investigation by Lowne. A good deal, too, is becoming 
known about the processes in the case of the silkworm. 


Integroment and Ecdysis. 

The integument consists of a cellular layer, usually called the 
hypodermis, situated on a basement membrane. The lij’po- 
dennis, or layer of chitinogenous cells, excretes a matter which 
remains attached to the body, forming the hard outer layer of the 
skin. This layer consists of chitin and has no vitality, but 
its presence no doubt exerts a very important influence on the 
physiological processes of the Insect. The chitinous investment 
varies much in thickness and in other properties ; in some 
Insects it is hard, even glassy, so as to be difficult to pierce with 
a pin, in others it is pliable, and in some very delicate. Chitin 
is a substance very difficult to investigate ; according to the 
recent researches of Krawkow ® it may prove to be of somewhat 
variable chemical composition. 

After a time the hypodermis excretes a fresh supply of 
chitin, and, possibly by the commencement of this process, the 
older chitinous investment becomes separated and is shed. The 
details have, however, not been ascertained, though their import- 
ance has been suggested by Hatchett Jackson.® The newly 
exposed layer of integument is pallid, but afterwards becomes 
coloured in a manner varying according to the species, the process 
being possibly due to some secondary exudation permeating the 
freshly exposed chitin, or modifying some part of its exterior. 

Lowne informs us that in the imago of the blowfly the great 
majority of the hypodermic cells themselves enter into the com- 
position of the chitinous integument ; and it is perhaps not a 
matter for surprise that the cells should die on the completion of 
their functional activity, and should form a part of the chitinous 

* ZtiUchr. %fftss. Zooh Tiv. 1864, p* 187. 

^ Viall&nes, Ann. Set. Series 6, “ZooU xiy. 1882. 

3 Unfortunately io the Russian language. * Zool. Jakrh. Abth. Anat. lu. 1888, p. 1. 

• Zeilsehr. Biot., xxix. 1892, p. 177. 

• Trans. Linn. S<K. L<mdon, •* Zoology.” 2nd series, v. 1890, p. 174. 
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investment. Some writers say that the chitinous layer may be 
shown to be covered by a delicate extima or outer coat. 

The number of ecdyses varies greatly in Insects, but has been 
deBnitely ascertained in only a few forms outside the Order 
Lepidoptera. In Campodea Grassi says thr.e is a single frag- 
mentary moult, and in many Hymenoptem the skin that is cast 
is extremely delicate, and the process perhaps only occurs twice 
or three times previous to the pupal stage. In most Insects, 
however, ecdysis is a much more important affair, and the whole 
of the chitinous integument is cast off entire, even the linings of 
the tracheae, and of the alimentary canal and its adjuncts being 
parted with. Sir John Lubbock observed twenty-three moults 
in a May-fiy of the genus Cloeon} this being the maximum yet 
recorded, though Sommer states* that in Macrotoma pluvihea 
moulting goes on as long as life lasts, even after the Insect has 
attained its full size. 

Some Insects get quit of a considerable quantity of matter by 
their ecdyses, while in others the amount is comparatively slight. 
It has been thought that the moulting is effected in order to 
permit of increase of size of the Insect, but there are facts which 
point to the conclusion that this is only a factor of secondary 
importance in the matter. One of these is that many Insects 
make their first ecdysis almost immediately after they leave the 
®gg > this is the case with the young larva of the blowfly, which, 
according to Lowne, moults within two hours of its emergence 
from the egg. We have already referred to the important sug- 
gestion made by Eisig ® that, since chitin is a nitrogenous sub- 
stance, the ecdyses may be a means of getting rid of waste 
nitrogenous matter ; to which we have added that as chitin also 
consists largely of carbon, its excretion may be of importance 
in separating carbonaceous products from the blood. 


Metamorphosis of Blowfly. 

The phenomena of metamorphosis are displayed to their 
greatest extent in the transformations and physiological processes 
of the Muscid Diptera, of which the common blowfly is an 

» Trana. Linn. Soc. xxv. 1866, p. 491. » ZeUaehr. ici*a. Zool. xH. 1885, p. 712. 

• “ FauDa und Flora d. Golfes von Ncapel,” LHe Cajriieiliden, 1887, p. 781. 
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example. We will briefly consider the information that has been 
obtained on this subject. 

The development of the embryo in the egg of the blowfly is 
unusually rapid, occupying only a period of twenty to twenty- 
four hours. After its first moult the blowfly larva grows rapidly 
during a period of about ten to fourteen days, during which it 
undergoes moults, the number of which appears not to be 
definitely ascertained. After becoming full-fed the larva loses 
its active state, and passes for a period into a condition of com- 
parative quiescence, being spoken of in this state as a resting 
larva. This quiet period occurs in most full-grown larvae, and 
is remarkable for the great variation that may occur in its 
duration, it being in many Insects subject to prolongation for 
months, in some cases possibly even for years, though in favoui-- 
able circumstances it may be very short. Lowne informs us that 
in tlie blowfly this period of the life is occupied by very great 
changes in the internal organs, which are undergoing very exten- 
sive processes of destruction and rebuilding. After some days 
the outer skin of the resting larva shrivels, and is detached from 
the internal living substances, round which it hardens and forms 
the sort of cocoon or capsule that is so well known. This 
using of the cast larval skin as a cocoon is, however, limited to 
certain of the two-winged flies, and perhaps a few other Insects, 
and so must be considered an exceptional condition. The capsule 
conceals from view a most remarkable state, known to the old 
naturalist Rc'aumur as the “spheroidal condition,” but called by 
more recent writers the pronymph. The pronymphal state 
may be looked on as being to a great extent a return of the 
animal to the condition of an egg, the creature becoming an 
accumulation of soft creamy matter enclosed in a delicate skin. 
Tliis spheroidal condition, however, really begins in the resting 
larva, and Van Rees and others think that the delicate membrane 
enclosing the substance of the pronymph is really the hypodermis 
of the integ»uuent of the larva. Although this seems probable, 
from the resemblance this condition would in that case present 
to the phenomena usual in ecdysis, it is not generally admitted, 
and tliere is much difficulty in settling the point. Lowne is of 
a contrary opinion, looking on the limiting membrane as a sub- 
sequent formation ; he calls it the paraderm. The process of 
forming the various organs goes on in the pronymph, till the 
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“ nymph ” has completed its development, the creature having 
then again taken on a definite form which apparently corre- 
sponds to the pupa of Hymenoptera. Great doubt, however, 
exists as to this equivalence, and indeed as to any exact corre- 
spondence between the metamorphic stadia of different Insects, 
a view which long since was expressed by Sir J ohn Lubbock ‘ 
and Packard, The term nymph is used in this case not because 
there is any resemblance to the condition similarly named in 
Insects with less complete metamorphosis, biit because the term 
pupa is applied to the outer case together with the contained 
nymph. The transformation of the nymph into the perfect blow- 
fly occupies a period very variable according to the temperature. 

Histolysis. — The processes by which the internal organs of 
the maggot are converted into those of the fly are of two kinds, 
— histolysis or breaking down, histogenesis or building up, of 
tissue. The intermediary agents in histolysis are phagocytes, 
cells similar to the leucocytes or white corpuscles of the blood : 
the intermediary agents in histogenesis are portions of tissue 
existing in the larval state incorporated with the different organs, 
or preserving a connexion therewith even when they are to a 
great extent separated therefrom. In this latter case they are 
called imaginal discs, though Professor Miall prefers to term them 
imaginal folds.* The two processes of histolysis and histogenesis, 
though to some extent mutually dependent (for the material to be 
built up has to be largely obtained by previous destruction), do not 
go on though they are to a great extent contemporaneous. 
In the resting larva histolysis is predominant, while in the nymph 
histogenesis is more extensive. Microscopic observation shows 
that the phenomena connected with the histolysis of the mus- 
cular tissue are scarcely distinguishable from those of an inflam- 
matory process, and Viallanes * dilates on this fact in an instruc- 
tive manner. The phagocytes attach themselves to, or enter, the 
tissues which are to be disintegrated, and becoming distended, 
assume a granular appearance. By this pseudo-inflammatory pro- 
cess the larval structures are broken down into a creamy substance ; 
the buds, or germs, from wliich the new organs are to be devel- 
oped being exempt from the destruction. These buds, of whicli 
about sixty or upwards have already been detected, undergo 

‘ Tran$. Linn. Soc. xxiv. 1863, p. 65. • Trai\s. Linn, Soe, "Zool." v. 1892, p. 267. 

» Ann. Set. AW., S«rie« 6, "Zool." xiv. 1882, p. 160. 
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growth as they are liberated, and so the new creature is formed, 
the process of growth in certain parts going on while destruc- 
tion is being accomplished in others. Considerable discrepancy 
prevails as to the extent to which the disintegration of some 
of the tissues is carried. 

According to Kowalevsky ’ it would appear that after the 
phagocytes have become loaded with granules they serve as 
nutriment for the growing tissues, and he thinks they become 
blood-cells in the imago. The process of histolysis has been 



Fio. 87.— ImaginAl diaca of Muscidat in process of development : A, Brain and 
ventral ganglion of a larva 7 mm. long of M, unnitoria ; o, ventral ganglion ; 
c, cephalic ganglion ; A, bead rudiment ; ve, portion of ventral chain ; pd, 
prothoracic rudiment ; vcti third nerve ; mdf mesothoracic rudiment : B, meso- 
thoracic rudiment, more advanced, in a pupa just formed of Sarcophaga eamaria^ 
showing the base of the sternum and folds of the forming leg, the central part (/) 
representing the foot: O, the rudimentary leg of the same more advanced femur; 
i, tibia ; /*!, /j, tarsal joints ; D, two discs from a larva 20 mm. long of &rcophagay 
attached to tracheae ; msto, mesonotal and wing-rudiment ; mf, inetalhoracic rudi- 
ment ; E, r, mesothoracic rudiment of a 7 mm. long larva attached to a tracheal 
twig. (After Weismann and Graber. ) 


chiefly studied in the blowfly, and not much is known of it in 
otlier Insects, yet it occurs to a considerable extent, according to 
Bugnion ® and others, in the metamorphosis of Lepidoptera. 
Indeed it would almost seem that the processes of histolysis 
and histogenesis may be looked on as exaggerated forms of the 
])henomena of the ordinary life of tissues, due to greater rapidity 
and discontinuity of tissue nutrition. 

» ^ool. Anz. viii. 1885, p. 125. » Milt. Sehxceiz. ent. Ge$. viii. 1893, p. 408. 
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Discs. — The imaginal discs are portions of the 
larval hypoderm, detached from continuity with the main body 
of the integument, but connected therewith by strings or pedicels 
which may be looked on as portions of the basement membrane. 
Whether these discs, or histoblasts as they are called by Kiinckel 
d’Herculais,^ are distinguished by any important character from 
other buds or portions of regenerative tissue that, according to 
Kowalevsky,- Korschelt and Heider,* and others, exist in other 
parts of the body, does not appear to be at present ascertained. 

We give some figures, taken from Weismann and Graber, of 
the imaginal rudiments existing in the 
larvae of ifuicidae. Although by no means 
good, they are the best for our purpose 
we can offer to the reader. Other figures 
will be found in Lowne’s work on the 
blowfly now in course of publication. 

Weismann's paper * is now thirty years old, 
and, when it was written, he was not aware 
of the intimate connexion the rudiments 
have with the integument ; this has, how- 
ever, now been demonstrated by several 
observers. Pratt states'* that the formation 
of the imaginal discs in MtlojphoQUi ovinus 
takes place in the later stages of the em- 
brj'onic development, and after the manner 
formerly suggested by Balfour, viz. invagin- 
ation of the ectoderm. 

Both the regenerative buds and the 
rudimentary sexual glands are known to be 
derived directly from the embryo ; neither 
of them undergoes any histolysis, so that Pio. 88. — Median longt- 
we have in them embryonic structures 

which exist in a quiescent condition during the process of histo- 
the period in which the larva is growing 
with great rapidity, and which when the 

larva has attained its full growth and is disintegrating, then 



^ lUcherctus Org. du Volueelles^ 1875» p. 143* 

^ ZtiUehr. vrizs. ZooL xlv. 1887, p. &87. 

^ EiUxoicklungsgezAichtt^ Spec. TheiL 1890, p. 875. 

^ ZeilzehK tcias. Zod. zi?, 1864, p. 187* ^ArcK/. fTaturgts. Uz. 1893, 1, p. 168* 
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appropriate the products of the disintegration so as to produce 
the perfect fly. 

Our Fig. 88, taken from Graber, represents a longitudinal 
median section of a full-grown larva of Musca, in which the 
processes of metamorphosis are taking place. The position of 
some of the more important imaginal rudiments is shown by it ; 

fe®, rudiments of the three pairs of legs of the imago ; an, of 
antennae ; between an and w, rudiment of eye ; w, of wings; h, of 
halteres ; f, fat-body ; d, middle of alimentary canal ; n, ventral 
chain ; st, stigma ; 6, 7, sixth and seventh body segments. 

Physiology of Metamorphosis. 

Many years ago, Harvey perceived the probable existence of 
a physiological continuity between the earlier and later stages 
of the Insect’s life. Modern investigation has shown that in the 
blowfly a remarkable analogy exists between the conditions of 
the pupa and the egg. The outer shell of the pupa corresponds 
to the chorion or egg-shell, and the delicate outer membrane of 
the pronyraph to the oolemn or lining membrane of the egg ; the 
creamy matter corresponds with the yolk, and the regenerative 
buds are analogous to the formative portions of the developing 
egg. The process of histolysis as carried out by the phagocytes 
of the later life appears also to find a parallel in the vitellophags 
of the embryonic life.* It appears probable that the physio- 
logical processes of the post-embryonic metamorphosis may be 
essentially a rep>etition — or an interrupted continuation — of 
those of the embryonic period. 

The inquiry as to what are the determining causes of the 
metamorphic changes of the blowfly and other Insects has as 
yet but little advanced. Why does the larva grow up to a 
certain period with great rapidity, then cease its appropriating 
power and break up the parts that have been so rapidly and 
recently formed ? And why do the imaginal buds remain 
quiescent till the other tissues are being disintegrated, and 
then, instead of sharing the general condition of disintegra- 
tion, commence a career of development ? To these questions no 
satisfactory answer has yet been given, though the remarkable 
studies, already referred to, of Bataillon on the later larval life 

* 'Wheeler, in J. Morphol. viil. 1893. p. 81. 
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of the silkworm suggest the direction in which knowledge may 
be found, for they show that the physiological conditions of the 
later larval life are different from those of the earlier life, possibly 
as the direct result of the mere aggregation of matter, and the 
consequent different relations of the parts of the organism to 
atmospheric and aqueous conditions. 

If we wish to understand metamorphosis, we must supplement 
the old opinion that ecdysis is merely an occurrence to facilitate 
expansion, by the more modern conception that it is also an 
important physiological process. That shedding the skin is done 
solely to permit of enlargement of size is a view render^ unten- 
able by many considerations. The integument can increase and 
stretch to an enormous extent without the aid of moulting ; wit- 
ness the queen-termite, and the honey-bearers of the Myrmeco- 
cystui ants. Many moults are made when increase of size does 
not demand them, and the shedding of the skin at the time of 
pupation is accompanied by a deci-ease in size. And if moulting 
be merely connected with increase of size, it is impossible to see 
why Cloeon should require two dozen moults, while Cainpodea 
can do with one, or why a collembolon shoidd go on moulting 
during the period of life subsequent to the cessation of growth. 

The attention of entomologists has been chiefly directed to 
the ecdyses connected with the disclosure of the p\ipal and 
imaginal instars. Various important transformations may, how- 
ever, occur previous to this, and when they do so it is always 
in connexion with ecdyses. Caterpillars frequently assume a 
different appearance and change their habits or character at a 
particular ecdysis ; and in Orthoptera each ecdysis is accom- 
panied by a change of form of the thoracic segments ; this 
change is very considerable at one of the intermediate ecdyses. 

The assumption of the pupa state is the concomitant of an 
ecdysis, and so also is the appearance of the imago ; but the 
commencement of each of these two stages precedes the ecdysis, 
which is merely the outward mark of the physiological processes. 
The ecdysis by which the pupa is revealed occurs after the 
completion of growth and when great changes in the internal 
organs have occurred and are still taking place ; the ecdysis by 
which the imago appears comes after development has been quite 
or nearly completed 

Although the existence of a pupa is to the eye the most 
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striking of the differences between Insects with perfect and those 
with imperfect metamorphosis, yet there is reason for supposing 
tliat the pupa and the pupal period are really of less importance 
than they at first sight appear to be. In Fig. 85 we showed 
how great is the difference in appearance between the pupa and 
the imago. The condition that precedes the appearance of the 
pupa is, however, really the period of the most important change. 
In Fig. 89 we represent the larva and pupa of a bee; it will be 
seen that the difference between the two forms is very great, 
while the further change that will be required to complete 
the perfect Insect is but slight. When the last skin of the 



A 8 C 

Fio. 89.— Larva aod pupa of a bee» Xyloccpa violacea: A, larva; pupa, veotral 

aspect ; C, pupa, dorsal aspect (After Lucas.) 

larva of a bee or of a beetle is thrown off, it is, in fact, the 
imago that is revealed ; the form thus displayed, though colour- 
less and soft, is that of the perfect Insect ; what remains to be 
done is a little shrinking of some parts and expansion of others, 
the development of the colour, the hardening of certain parts. 
The colour appears quite gradually and in a regular course, 
the eyes being usually the first parts to darken. After the 
coloration is more or less perfected — according to the species 
— a delicate pellicle is slied or rubbed off, and the bee or beetle 
assumes its final form, though usually it does not become active 
till after a farther period of repose. 



CHAPTER VI 


CLASSIFICATION THE NINE ORDERS OF INSECTS THEIR CHARACTERS 

PACKARD’S ARRANGEMENT BRAUER’S CLASSIFICATION 

CLASSIFICATIONS BASED ON METAMORPHOSIS SUPER-ORDERS 

THE SUBDIVISIONS OF ORDERS. 

ClasaiflcatioiL 

AVe have already alluded to the fact that Insects are the most 
numerous in species and individuals of all land animals : it is 
estimated that about 250,000 species have been already described 
and have had scientific names given to them, and it is considered 
that this is probably only about one-tenth of those that really 
exist. The classification in a comprehensible manner of such an 
enormous number of forms is, it will be readily understood, a 
matter of great difficulty. Several methods or schemes have 
since the time of Linnaeus been devised for the purpose, but wc 
sliall not trouble the reader to consider tliem, because most of 
tliein have fallen into disuse and have only a historical interest. 
Even at present there exists, however, considerable diversity of 
opinion on the question of classification, due in part to the fact 
that some naturalists take the structure of the ^)erfeet or adult 
Insect as the basis of their arrangement, while others prefer to 
treat the steps or processes by which the structure is attained, as 
being of primary importance. To consider the relative values of 
these two methods would be beyond our scope, but as in practice 
a knowledge of the structures themselves must precede an inquiry 
os to the phases of development by which the structures ai e i-eached ; 
and as this latter kind of knowledge has been obtained in the 
case of a comparatively small portion of the known forms, — the 
embryology and metamorphosis having been investigated in but 
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few Insects, — it is clear that a classification on the basis of 
structure is the only one that can be at present of practical value. 
We shall therefore for the purposes of this work make use of an 
old and simple system, taking as of primary importance the nature 
of the organs of flight, and of the appendages for the introduction 
of food to the body by the perfect Insect. We do not attempt to 
disguise the fact that this method is open to most serious 
objections, but we believe that it is nevertheless at present the 
most simple and useful one, and is likely to remain such, at any 
rate as long as knowledge of development is in process of 
attainment. 


Orders. 

The great groups of Insects are called Orders, and of 
these we recognise nine, viz. (1) Aptera, (2) Orthoptera, (3) 
Neuroptera, (4) Hyraenoptera, (5) Coleoptera, (6) Lepidoptera, 
(7) Diptera, (8) Thysanoptera, (9) Hemiptera. These names are 
framed to represent the nature of the wings ; and there is some 
advantage in having the Orders named in a uniform and descriptive 
manner. The system we adopt differs but little from that 
proposed by Linnaeus.* The great Swedish naturalist did not, 
however, recognise the Orders Orthoptera and Thysanoptera ; and 
his order Aptera was very different from oura 

These Orders may be briefly defined as follows, — the reader 
being asked to recall the fact that by a mandibulate mouth we 
understand one in which the mandibles, or the maxillse, or 
both, are fitted for biting, crushing, or grasping food ; while the 
term suctorial implies that some of the mouth parts are of a 
tubular form or are protrusible as a proboscis, which assists, or 
protects, a more minute and delicate sucking apparatus : — 

1. without, m-epov a wing). Wingless * Insects ; mouth mandibulate 
or very imperfectly suctorial. Metamorphosis very little. 

2. Orthoptera {op66^ straight, irrepov a wing). Four wings are present, the 

front pair being coriaceous (leather*like), usually smaller than the 
other pair, which are of more delicate texture, and contract in repose 
after the manner of a fan. Mouth mandibulate. Metamorphosis 
slight 

3. Neuroptera {vevpov nerve, irrepov a wing). Four wings of membranous 
‘ Syst. Nat. Ed. 12, ref. i. pars iL p. 536 (by error, 856). 

* It must not be supposed that all wingless Insects fall irithin the limits of this 
Order. 
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consistency, frequently with much network ; the front pair not much, 
if at all, harder than the other pair, the latter with but little or no 
fanlike action in closing. Mouth mandibulate. Metamorphosis 
variable, but rarely slight. 

4, Hymenoptera membrane, irrtpov a wing). Four wings of membranous 

consistency ; the front pair larger than the hind, which are always 
small and do not fold up in repose. Mouth mandibulate, sometimes 
provided also with a tubular proboscis. Metamorphosis very great. 

6. CoUbptera (koXcos sheath, -rmpov a wing). Four wings ; the upper pair 
shell-like in consistency, and forming cases which meet together 
over the hack in an accurate line of union, so as to entirely lose a 
winglike appearance, and to conceal the delicate membranous hind 
pair. Mouth mandibulate. Metamorphosis great. 

6. Lepidoptera (A<»r4s scale, impov a wing). Four large wings covered with 

scales. Mouth suctorial. Metamorphosis great. 

7. Diptera (Sis double, irT<p6v a wing). Two membranous wings. Mouth 

suctorial, but varying greatly. Metamorphosis very great. 

8. Tky$anopUra (^oaavos fringe, Trrfpov a wing). Four very narrow fringed 

wings. Mouth imperfectly suctorial. Metamorphosis slight. 

9. Hemiptera half, irrtpoy a wing). Four wings ; the front pair either 

leather-like with more membranous apex, or entirely parchment-like 
or membranous. Mouth perfectly suctorial. Metamorphosis usually 
slight. 

We must again ask the reader to bear in mind that numerous 
exceptions exist to these characters in most of the great Orders ; 
for instance, wingless forms are not by any means rare in several 
of the Orders. 

Before remarking further on this system we will briefly 
sketch two other arrangements of the Orders of Insects, for which 
we are indebted to Packard and Brauer. 

Packard’s Classification. 

Packard has devoted much attention to the subject, and has 
published two or three successive schemes, of which the following 
is the most recent : * the deflnitions are those of the author 
himself, but the information in brackets is given to institute a 
concordance with the system we adopt : — 

1. Thy$anura. Wingless ; often with a spring (equivalent to our Aptera). 

2. Dermaptera. Front wings minute, elytra-like ( = ForficulidaCy a part of 

our Chihoptera). 

3. OrtkopUra. Wings net-veined ; fore wings narrow, hind wings folded 

( — our OTthople7-a after subtraction of iJermaptera). 


* American Katuraiist, xx. 1880, p. 808. 
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5. 

6 . 

7. 

8 . 



Platyp^a. Four net-veined wings ; mouth parU adapted for biting 
( Termxtidae and Mallophaga, parts of our NeuropUra) 

Odona^ Wings net -veined, equal { ^ Odonata, a division of our 
Neuroptera). 

PUctopiera. Wings net-veined, unequal Ephemeridat, a part of oup 

NtUTcypUra). ^ 

nysanoptera. Mouth beaklike but with palpi ( = our Thysant^Ura). 
HemipUra. Mouth parte forming a beak for sucking. No palpi ( = our 
Memiplera). * 


The above eight Orders form the group Ametabola, while the 
following eight constitute the Metabola : — 

9. Neuropt^a. Wings net-veined ; metamorphosis comj.lete ( = a small part 

of our Neuroptera). 

10. MecapUra. Wings long and narrow (fora snjall part of our Neuroptera; 

tlie Parwrpatae of Brauer). 

11. Trichoptera. Wings not net-veined ( = our division of Neuroj>tera with 

the same name). 

12. Coleoptera, Fore wings sheathing the hinder ones ( = our Coleoptera). 

13. SipJxonaptera. Wingless, parasitic. Flea ( = a division of Z)i>fcro). 

14. Diptera. One pair of wings ( = our Diptera after subtraction of 

Sxphonaptera). 

15. Lepuloptera. Four wings (and body) scaled ( = our Lepidoptera). 

16. Hymenoptera. Four clear wings; hinder pair small ; a tongue ( = our 

Hynienopteru), 

Although this system of the Orders of Insects has some 
valuable features it is open to very serious objections, to which we 
can only briefly allude. The Order Hemiptera with its extensive 
divisions, Heteroptera, Homoptera, Coccidae, and Anoplura exhibit- 
ing great differences in structure and considerable divergence in 
metamorphosis, is treated as only equivalent to the little group 
I’anorpatae (scorpion-flies) ; these latter being considered a dis- 
tinct order, although they are not very different in structure or 
metamorphosis from the Orders he calls Neurojjtera and Trichop- 
tera. The urrangeinent app>ear8 to be sptecially designed with 
the view of making the Orders adopted in it fall into the two 
groups Ametabola and Metabola. The propriety of such a 
course is more than doubtful since very few of the Ametabola 
are really without metamorphosis, in the wide sense of that term, 
wliile the Metabola include Insects with various kinds of meta- 
morphosis. Indeed if we substitute for the term Ametabola the 
more correct expression, “ Insects with little metamorphosis,” and 
for Metabola the definition, “ Insects with more metamorphosis 
but of various kinds,” we then recognise that the arrangement 
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is, like all others, a quite artificial one, while it is of little 
value, owing to the development of so few Insects being hitherto 
fully ascertained. 


Brauer’s Clusiflcatiom 


Professor Brauer has recently proposed * to adopt 1 7 Orders 
or chief groups of Insects, arranging them as follows : — ^ 



I. Aptertqooenea (with one order). 

1. Synaptfra { = Aptera of our system). 

II. Ptervgogenea ( = all the other Insects of our arrangement). 

2. DermapUra { = Orthcptera, Fam. Forjieulidae in our arrangement). 

3. Ephemeridae ( = a division of Neuropiera in our arrangement). 

4. Odonata ( = a division’ of Neuropiera in our arrangement). 

5 . Pleeopiera Neuropteroy Fani. Perlidae in our arrangement). 

6 . Orihoptera { = our Ortkoptera — Forjieulidae and + Emhiidae). 

7. Corrodentia ( = the families Termitidacy Psocidae, and MaHophaga, of 

our Neuropiera). 

8 . Thysanoptera (as with us). 

9. Rhynchota { = Henxiplera with us). 

1 0. Neuropiera ( » the families Hemerohiida and Sialidte of our Neuropiera), 

11. Panorpatae (sthe family Panorpidae of our Neuropiera). 

12. Trieh^ieia (sthe division Triehoptera of Neuropiera). 

1 3 . Lepidoptera ( = as with us). 

1 4. Diptera ( = our Diptera — Aphaniplera). 

15. Siphonaplera (^Aphaniplera, a division of Diptera mth us). 

16 . Coleoptera ( b Coleoptera), 

1 7. Hymenoptera (as with us). 


The chief characters on which Brauer bases his system are : 
(1) The existence or absence of winga (2) The condition of the 
mouth, and whether it undergoes radical changes in the ontogeny, 
arriving thus at the categories Menognatha, Metagiiatha, and 
Menorhyncha, as we have mentioned on p. 161. (3) The meta- 

morphosis; the grouping adopted being Ametabola, Heinimetabola, 
Metabola. (4) The number of the Malpighian tubules ; 
Oligonephria, Polynephria. (5) The nature of the wings, the 
relative proportions of the thoracic segments, and some other 
characters. 

Brauer’s treatise is accompanied by a valuable and in many 
respects very sagacious consideration of the generalised char- 
acters of the Insecta as a classification based partly on general- 
isations and partly on structures, it is, so far as the present 
* “Syat Zool. Studien.” S.B. Ah. fFien, xcL 1885, Abth. I. p. 874. 


176 


CLASSIFICATION 


CHAP. 


condition of our knowledge goes, a good one. But it is of 
little value as a practical guide, and as a basis for theoretical 
speculation it cannot be treated as of importance, because the 
generalisations it makes use of are premature, owing to the small 
proportion of the forms that have been examined. And even now 
the groups adopted are known to be subject to many exceptions. 

Thus it begins by a division of Insecta into winged and 
wingless; but the winged division is made to comprehend an 
enormous number of wingless Insects, whole subdivisions of 
Orders such as the Mallophaga being placed in the winged series, 
although all are without wings. This first division is indeed 
entirely theoretical ; and if a classification on generalisations 
were adopted, it would be more natural to begin with the old 
division into Homomorpha and Heteromorpha, and treat the 
Order Aptera as the first division of the Homomorpha, while the 
Heteromorpha woiild commence with theEphemeridae andOdonata, 
in which, though the individual in the early part of the ontogeny 
is very different from the perfect Insect, there is no marked 
division of the later larval and the pupal stages. Brauer’s system 
is also defective inasmuch as it takes no account of the embryo- 
logical or oogenetic processes, though these are of equal import- 
ance with the later phases of the Ontogeny. Even as regards the 
division into Orders, it is far from being free from reproach ; for 
instance, the separation of the Dermaptera from the Orthoptera, 
while Rhynchota remains intact, although including a more 
extensive series of heterogeneous forms ; the division of the 
Neuroptera into widely separated groups, each of which is treated 
as equivalent to the great Orders, such as Coleoptera (in which 
Strepsiptera are included), Hymenoptera, and Hipteia, is not 
reasonable. The association of Mallophaga and Termitidae, while 
Dermaptera are separated from Orthoptera, is also undeniably 
arbitrary, and other similar disparities are to be seen on 
scrutinising the details of the system. 

On comparing the three arrangements we have outlined, it 
will be seen that the chief discrepancies they present come 
under two heads; (1) The treatment of the Neuroptera. opinions 
differing as to whether these Insects shall grouped as a single 
Order, or shall be divided into numerous Orders ; and as to what, 
if this latter course be adopted, the divisions shall be. (2) The 
treatment of the parasitic groups Mallophaga, Aphaniptera, etc. 
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Jt must be admitted that whichever of the three systems we 
have sketched be adopted, the result is, as regards both these 
points, open to criticism. The Order Neuroptera, if we take it 
in the broad sense, differs from the other Orders in the greater 
variety of metamorphosis exhibited by its members ; while if, on 
the contrary, it be dismembered, we get a number of groups 
of very unequal extent and not distinguished from one another 
by the same decisive and important characters as are the other 
Orders of which they are considered equivalent. The discrepancy 
exists in nature, and can scarcely be evaded by any system. A 
similar observation may be made as to the parasitic groups, 
viz. Mallophaga, Anoplura, Aphaniptera, and Strepsiptera. If 
these be treated as separate Orders the result is not satisfactory ; 
while, if they be associated with the larger groups to w’hich they 
are respectively nearest allied, it is almost equally unsatisfactory. 

We may mention that Packard and Brauer have in their 
treatises discussed the question of super-orders, and have gone so 
far as to propose names for them. These two authorities do not 
however agree in their conclusions ; and as the names proposed arc 
of little practical value, and are but rarely met with, we need not 
explain them or discuss the comparative merits of the two ^sterns. 

The divisions of inferior value to the Order are, after repeated 
scrutiny by many naturalists, becoming of a more satisfactory 
character, and notwithstanding various anomalies, may be, many 
of them, considered fairly natural^ Unfortunately entomologists 
have not been able to agree on a system of tenninology, so that 
for these subdivisions terms such as sub-order, series, legion, 
section, tribe, etc., are used by different authorities in ways 
so various as to cause much confusion. In the following pages 
the terms sub-oi-der and series will be used in a somewhat vague 
manner, the tex*m sub-order being preferred where the group 
appears to be an important one and of a fairly natural character 
while the word series will be adopted when the gi-oups are con- 
nected in a conventional manner. The designation “ family ” 
will he used for groups of subordinate importance ; and ns regards 
this term we may remark that systematic entomoloo-ists’ are 
making genuine eBbrts to define the “ famiUes ” in an acemate and 
comprehensible manner. The eiideavoui- to make these systematic 


1 employed iii tlio empirical seuse described by Bnuiiu r 

Toa Wmemvyl, Kouv. Sytt. BlattairKS, 1865, n. vU ^ nuum.r 
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families dependent throughout the Class Insecta on characters of 
similar morphological value has, however, scarcely been entered 
on, and it is perhaps not desirable, seeing how very small a 
portion of the Insects of the world have been critically examined, 
that much effort should be yet expended on an attempt of 
the kind. It must be admitted that the species of Insects should 
be obtained before they can be satisfactorily classified, and it is 
estimated ^ that at least nine-tenths of the Insects of the world 
are still unknown to entomologists. 

Geological Record. — Although Insects have a very long 
pedigree, it is as yet a very imperfect one. The remains of 
creatures that can be referred to the Class Insecta have been 
foxmd, it is said, in Silurian strata ; only one or two of these 
very early forms are at present known, and the information 
about them is by no means satisfactory ; if Insects at all — as 
to which some doubt exists — they apparently belong to very 
difierent forms, though, like all the earliest fossil Insects, they 
are winged. In the strata of the Carboniferous epoch numerous 
Insects have been detected, in both Europe and North America. 
These earlier Insects are by Scudder called Palaeodictyoptera, 
and separated from the Insects around iis on the ground that 
he considers there existed amongst these palaeozoic Insects no 
ordinal distinctions such as obtain in the existing forms, but 
that the primeval creatures formed a single group of generalised 
Hexapods. Brauer does not accept this view, considering that 
the earlier Insects can be referred to families existing at the 
present time and forming parts of the Orthoptera, Neuroptera, 
and Hemiptera. The discrepancy between these two authorities 
depends to a great extent on the different classifications of existing 
Insects that they start from ; Scudder treating the wings as of 
primary importance, while Brauer assigns to them only a 
subordinate value. From the point of view taken in the present 
work Scudder's view appears to be in the main coirect, though 
his expression as to the primary fossil Insects forming a single 
homogeneous group is erroneous. The Neuroptera, still in exist- 
ence, certainly form a heterogeneotis group, and it is clear that 
the Palaeozoic fossils rejyresent a more diverse assemblage than 
the present Neuroptera do.“ 

* Lord Walsingham, Eni. Soc. 1889, p. lxxz« 

3 We may mention that fossil Insects are chiefly determined from their wing- 



VI 


PALAEONTOLOGY 


179 


In the more recent rocks Insect remains become compara- 
tively numerous, and in Mesozoic strata forms that can satisfac- 
torily be referred to existing Orders are found, the Palaeodicty- 
optera of Goldenberg and Scudder having mostly disappeared ; 
the Blattidae or cockroaches do not apparently present any great 
discontinuity between their Palaeozoic and Mesozoic forms. The 
Tertiary rocks afford us fairly satisfactory evidence to the effect 
that Insects were then more numerous in species than they 
are at the present day. At Florissant in Colorado the bed 
of an ancient lake has been discovered, and vast quantities of 
Insect remains have been found in it, the geographical conditions 
indicating that the creatvu-es were not brought from a distance, 
but were the natural fauna of the locality ; and if so we can 
only conclude that Insects mxist have been then more abundant 
in species than they are now. 

Scudder has informed us ^ that not only were Insects abundant 
in the Tertiaries, but that their remains indicate conditions of 
existence very similar to what we find aroimd us. "Certain 
peculiarities of secondaiy sexual dimorphism accompanying 
special forms of communistic life, such as the neuters and workers 
in Hymenoptera and the soldiers among the Termitina, are also 
found, as would be expected, among the fossils, at least through 
the whole series of the Tertiaries. The same may be said of 
other sexual characteristics, such as the stridulating organs of the 
Orthoptera, and of peculiarities of oviposition, as seen in the 
huge egg-capsules of an extinct Sialid of the early Tertiaries. 
The viviparity of the ancient Aphides is suggested, according to 
Buckton, by the appearance of one of the specimens from the 
Oligocene of Florissant, while some of the more extraordinary 
forms of parasitism are indicated at a time equally remote by the 
occurrence in amber of the triungulin larva of Mdoe, already 
alluded to, and of a characteristic strepsipterous Insect ; not only, 
too, are the present tribes of gall-making Insects abundant in the 
Tertiaries, but their galls as well have been found.” 

rem»in^ which m often eorpriaingly perfect ThU is one of the reasons that have 
induced us to prefer a classification of Insects in which the nature of the wings is 
conadered of value. It would be impossible to refer fossil InsecU to groups 

are established on accoimt of the metamorphosis or of the internal structure of 
weir components, for there is not yet any evidence on cither of these points in the 
foMil remains preserved for us by the rocks. 

‘ B%M. U.M. Oeol. Surtty, No. 81, 1886, p. 109. 
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THE ORDER APTERA DEFINITION CHIEF CHARACTERISTICS 

THYSANUKA CAMPODEA JAPYX MACHILIS LEPISMA 

DIVERSITY OF INTERNAL STRUCTURE IN THYSANURA ECTO- 

TROPHI AND ENTOTROPHI COLLEMBOLA LIPURIDAE 

rODURIPAE SMYNTHURIDAE THE SPRING THE VENTRAL 

TUBE ABDOMINAL APPENDAGES PROSTEMMATIC ORGAN 

TRACHEAL SYSTEM ANURIDA MARITIMA COLLEMBOLA ON 

SNOW LIFE-HISTORIES OF COLLEMBOLA FOSSIL A FTER A 

APl'ERYGOGENEA ANTIQUITY AND DISTRIBUTION OF CAMPODEA. 

Order I. Aptera. 

Small Insects with weak outer skhi, destitute throughout life of 
wings or their rudiments, hut with three pairs of legs; an^ 
tennae large or moderate in size. 

The above definition is tlie only one that can at present be 
framed to apply to all the Insects included in oui* Aptera. 
Unfortunately it is far from diagnostic, for it does not enable 
us to distinguish the Aptera from the larvae or young indi- 
viduals of many Insects of other Orders. There are, howe\er, 
certain characters existing in many species of Aptera that enable 
their possessors to be recognised with ease, though, as they are 
quite wanting in other members, they cannot correctly be in- 
cluded in a definition applying to the whole of the Order. 

We are thus brought in view of two of the most important 
generalisations connected with the Aptera, viz. that these Insects 
in their external form remain throughout their life in a condition 
resembling the larval state of other Insects, and that they never- 
theless exhibit extreme variety in structui'al characters. 

The more important of the special characters alluded to above 
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as being possessed by some but not by all members of the Order 
are (1) a remarkable leaping apparatus, consisting of two 
elongate processes at the under side of the termination of the 
body; (2) a peculiar ventral tube, usually seen in the condition 
of a papilla witli invaginated summit, and placed on the first 
abdominal segment (see Fig. 100, p. 194); (3) the scales cover- 
ing the body ; (4) the existence of abdominal appendages in the 
form of long cerci or processes at the termination of the body, or 
of short processes on the sides of the under surface of the abdominal 
segments. 

Throughout the Order the general shape approximates to 
that of a larva ; this is shown by the diagrammatic section of 
the body of Machilis 
(Fig. 90). There isa 
succession of rings 
differing little from 
one another, except 
so far as the head is 
concerned ; even the 
<livision of thorax from abdomen is but little evident, and 
although in some of the forms tlie three thoracic segments may 
differ considerably among themselves, yet they never assume the 
consolidated form that they do to a greater or less extent in the 
imago stage of the other Orders. Fig. 90 shows the larva-like 
structure of the body, and also exhibits the inequalities in size 
between some of the dorsal and the corresponding ventral plates. 
This phenomenon is here displayed only to a small extent, so 
that the true relations of the dorsal and ventral plates can be 
readily detected ; but in the higher Insects want of corr^pond- 
ence of this kind may be much more extensive. 



Fio. 90. — Section of body of Machilis: o, ovipositor. 

(After Oudemens.) 


The respiratory systeDi is in many of these Insects very 
inferior in development, and may even be, so far as tracheae and 
spiracles are concerned, entirely absent, but in other members of 
the Aptera it is well developed. In the other internal organs 
there is also great variety, as there is in the external structure. 

A brief explanation as to the term Aptera, which we have 
adopted as the name of this Order, is necessary. This name was 
used by Linnaeus for our Insrots, but as he associated with them 
various other heterogeneoxis forms which were afterwards 
separated, his " Aptera " became completely broken up and ceased 
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to be recognised as an Order of Insects. The term was, how- 
ever, reWved by Haeckel and Balfour sevei'al years since, and 
applied quite properly to the Insects we have in view. Subse- 
quently Packard and Brauer, recognising the claims of these 
Insects to an isolated position, proposed for them the names 
Synaptera and Apterygogenea. and Packard has also used the 
term Cinura. There is, however, clearly an advantage in 
retaining the termination “ ptera ” for each of the Orders of 
Insects ; and as the fact that “ Aptera ” of Linnaeus included 
many Insects is not a sufficient reason for refusing to apply the 
term to a portion of the forms he used it for, we may, it is clear, 
make use of the Linnaean name with propriety, it being explicitly 
stated tliat the Order does not include by any means all the 
apterous forms of Insects. 

The Order includes two sub-orders, viz. (1) TJiysanura, in 
which the hind body (abdomen) is composed of ten segments, and 
there is no ventral tube on its first segment ; and (2) Collemhola, 
in which the hind body consists of not more than six segments, 
the first of which is furnished beneath with a peculiar tube 
or papilla. 

Thysanara. 

Our knowledge of this important sub-order has been re- 
cently much increased by the works of GrassP and Oudemans.® 
Very little is known, however, of the extra -European forms, 
there being great difficulties in the way of collecting and pre- 
serving specimens of these Insects in such a way as to render 
them available for study and accurate comparison. Grass! and 
Rovelli^ recognise four families among the few European ^)ecies of 
Thysanura, viz. Campodeidae, Japygidae, Machilidae, I/cpismidae. 
Campodeidae is perhaps limited to a single species, only one 
having been satisfactorily established, though several descriptions 
have been made of what are supposed to be other speciea 

This Insect {Campodea staphylinus) is, so far as external form 
goes, well known, from its having been figured in many works 
on natural history on accoxmt of its having been supposed to be 

> Mem. Ace. Lxneei JUema (4), iv. 1888. p. 643, etc., end other preceding memoire 
mcntiooed therein. 

^ Bijdr. DUrkiititU, xvi. 1888, pp. 147-227. 

• Natural Sieil, ix. 1889, pp. 25, etc. 
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the nearest living representative of a primitive or ancestral 
Insect. The creature itself is but little known even to 
entomologists, although it is one of the commonest of Insects 
over a large part of Europe. It is numerous in the gardens 
and fields about London and Cambridge, and abounds in damp 
decaying wood in the New Forest ; if there be only one 
species, it must possess an extraordinary capacity for adapting 
itself to extremes of climate, as we have found it at midsummer 
near the shores of the Mediterranean in company with the sub- 
tropical white ants, and within a day or 
two of the same time noticed it to be 
abundant on the actual summit of Mount 
Canigou, one of the higher Pyrenees, 
where the conditions were almost arctic, 
and it was nearly the only Insect to be 
found. The species is said to exist also 
in North America and in East India. It 
is a fragile, soft Insect of white colour, 
beading itself freely to either side like a 
Myriapod ; the legsr are rather long, the 
antennae are long and delicate, and the 
two processes, or cerci, at the other ex- 
tremity of the body are remarkably similar 
to antennae. . It has no eyes and shuns 
the light, disappearing very quickly in the 
earth after it has been exposed. If placed 
in a glass tube it usually dies speedily, 
and is so extremely delicate that it is 
difficult to pick it up even with a camel’s 
hair brush without breaking it ; so that 
we may fear it to be almost hopeless to 
get enough Specimens from different parts 
of the world to leam what differences 
may exist amongst the individuals of this 
so-called primitive Insect. Meinert, a very able entomologist, 
considers that there is really more than one species of Campodta 
Campodeidae as a family may be briefly defined as Thysanura 
with the trophi buried in the head and with the body terminated 
by antenna-like processea We shall consider some of the ana- 
tomical peculiarities of this interesting Insect after we have 



Fla 9\,—Campod€a staphy^ 
linuM. (After LubWk, 
xl5.) 
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briefly reviewed some of the external characters of the other 
Thysanura. 

The second family ( J apygidae) consists of one genus Japyx, of 
which there are, no doubt, several different species in various 
parts of the world, such having already been detected in tropical 
Africa, in Malasia, and in Mexico, as well as in Madeira and 
Europe. The commoner species of the latter continent, Japyx 
solifztgus, lives in moss or in shady places on the edges of wooda 
It possesses a great resemblance to a newly-hatched earwig, and 
the writer has found it in France under a stone in company with 
a number of the tiny creatures it was so much like. This species 
has been foimd as far north as Paris, but has not been met with 
in Britain. The family Japygidae is, like the Campodeidae, 
entotrophous, and is distinguished by the body being terminated 
behind by a pair of forceps instead of antennary organs. 

The other two families of Thysanura, Machilidae and Tapis- 
midae, are ectotrophous — that is, the parts of the mouth are not 
buried in the head, but are arranged in the fashion usual in 
mandibulate Insecta 

Only one genus of Machilidae is known, but it is no doubt 
very numerous in species, and probably is distributed over 
most of the globe. Machilis maritima is common in some 
places on the coast of England. Another species {M. polypoda) 
occurs amongst dead leaves in the New Forest, and we have also 
observed a species of the genus under the loose stones that 
frequently form the tops of the “ dykes ” or piled walls in Scotland. 
In more southern Europe species of AfachUia are commonly met 
with on the perpendicular faces of very large stones or rocks, 
over which they glide with wonderful facility. The scales on 
the bodies of these rock-inhabiting species form pretty patterns, 
but are detached with such facility that it is almost impossible 
to obtain specimens in satisfactory condition for examination. 

In Machilidae the dorsal plates of the hind body are reflexed 
to the under surface so as to form an imbrication covering the 
sides of the ventral plates, and the eyes are largely developed ; 
by which characters the family is distinguished from the 
T^epismidae. The pair of large compound eyes (Fig. 92, O) is a 
remarkable feature, being indeed unique in the Aptera. The 
structures (o, o') that Oudemans considers to be simple eyes have, 
in external appearance, a resemblance to the fenestrae of the 
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Blattidae ; Grassi states, however, that uot only are they eyes, 
but that they are of almost unique structure, being, in fact, 
intermediate between simple and compound eyes. 

The mode of development of the compound eyes of Machilis 
is of considerable interest, but unfortunately very little is known 
about it, even the period at which the eyes appear being uncertain. 
Judging from analogy with the Orthoptera, we should suppose 
them to be present when the Insect leaves the egg, and Oudemans 
apparently considers this to be the case, but Bolivar states ^ that 



Flo. 92.— Head of Maehilu mari^ 
timu (after Oodamaos) : A, baae 
of auUnna ; C, ver> 

Ux ; P, fold ; O, eye ; o\ aup* 
pos^ eimple eye ; Jf, mandible ; 

maxilla ; Z, upper lip ; lower 
lip ; 7, portion of maxilla y palp ; 
/i of labial palp, x 20. 



FlO. 93. — Lepwna dncla^ (After 
Oudemans.) x4. (The line Lodi* 
catea the natural length. ) 


in the early stages of Machilis the eyes are only simple eyes ; 
these being replaced by compound eyes in the later life. The 
wrij«r has observed very young individuals of Machilis polypoda, 
and found the eyes to be evidently compound. 

The remaining family of Thysanura, the Lepismidae, is in 
certain respects the most highly developed of the Order. The 
covering of scales found on the body is very remarkable in some 
of the species, especially in the genus Lepisma (Fig. 93, L. 
cincta ) ; the thoracic segments are different from one another 

* jinn. Soe. ent France, 1892, p. 34. 
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and from those of the abdomen, and the tracheal system is more 
highly developed than it is in the Machilidae. Several genera 
are known, but only two members of the family have yet been 
detected in Sritain. One of them (^Lepisma Mccharind), occurs 
only in houses, and is sometimes called the silver fish ; it is, 
when full grown, less than half an inch long, and is covered with 
scales that give it a feebly metallic lustre. Like the other 
Thysanura, its movements are very perfect. It is said that it is 
occasionally injurious by nibbling paper, but the writer’s observa- 
tions lead him to doubt this ; its usual food is doubtless farin- 
aceous or saccharine matter. Thermohia furiuynim, our other 
British Lepismid, has only recently been discovered ; it is found 
in bakehouses at Cambridge and elsewhere. The bakers call 
these Insects fire-brats, apparently considering them to be fond 
of heat. 

Much valuable information as to the anatomy of Thysanura 
has been obtained by Grass! and Oudemans, and is of great 
interest. Taking four genera, viz. Campodea, Japyx, Machilit, 
and Lepisma, to represent the four families constituting the 
sub-order, we will briefly enumerate some of the more remarkable 
of the characters of their internal anatomy. Campodea has a 
very inferior development of the tracheal system ; there are three 
pairs of spiracles, which are situate on the thoracic region ; 
the tracheae connected with each spiracle remain distinct, 
not uniting with those coming from another spiiacle ; there are 
thus six separate small tracheal systems, three on each side 
of the body. Japyx solifugus has eleven pairs of spiracles, of 
which four are thoracic ; the tracheae are united into one system 
on each side by means of lateral tubes ; thus there are two 
extensive tracheal systems situate one on each side of the body, 
there being a single transverse tube, placed near the posterior 
extremity, uniting the two lateral systems. In Machilis there 
are nine pairs of stigmata, two of them thoracic, seven abdominal ; 
the tracheae from each spiracle remain unconnected, so that there 
are eighteen separate tracheal systems, some of which are con- 
siderably more developed than others. The Xepismidae have 
ten pairs of stigmata, and the tracheae connected with them are 
completely united into one system by longitudinal and transverro 
tubes. Besides these differences there are others, of considerable 
importance, in the position of the stigmata. 
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All the Thysanura possess salivary glands. In Campodea 
there &re about sixteen extremely short Malpighian tubules, or 
perhaps glands representing these organs ; Japyx is destitute 
of these structures ; Mdchilis maritima has twenty elongate 
tubules ; in Lepisma also they are long, and apparently vary in 
number from four to eight in different speciea The propor- 
tions of the three divisions of the alimentary canal differ 
extremely ; there is a very large proventriculus in Ltpismxa, but 
not in the other families ; coecal diverticula are present on the 
anterior part of the true stomach in Machilis and in Lepisina, 
but are wanting in Campodea and in Japyx. 

The dorsal vessel seems not to present any great differences 
in the sub-order. Grasai says there are no alary muscles present, 
but Oudemans describes them as existing in Machilis, but as 
being excessively delicate. 

The ventral chain of nerve-ganglia consists in Campodea of 
one cephalic ganglion, one sub -oesophageal (which clearly 
belongs to the ventral series of ganglia), three thoracic, and 
seven abdominaL In the other families there are eight instead 
of seven abdominal ganglia. 

The structure of the internal sexual organs is very remark- 
able in the Thysanura. In Campodea there is one extremely 
large, simple tube on each side of the body. In Japyx there are 
seven small tubes on each side, placed one in each of the suc- 
cessive abdominal segments, and opening into a common duct. 
In Machilis there are also seven tubes opening into a common 
duct, but the arrangement is no longer a distinctly segmental one. 
In Lepisma there are five egg-tubes on each side, the arrange- 
ment being segmental in the young state but not in the adult 
condition. In Campodea nutrient cells alternate with the eggs 
in the tubes, but this is - not the case in the other families. 
Fig. 94 shows the ovaries in three of the Thysanura ; in the draw- 
ing representing this part in Machilis (C), one of the two ovaries 
is cut away for the sake of clearnesa 

The male organs in Campodea are very similar in size and 
arrangement to the ovaries, there being a single large tube 
or sac and a short vas deferens ou each side of the body. In 
Japyx there is a sac on each side, but it is rendered double by 
a coecum at its base, and there are long and tortuous vasa 
deferentia. - In Lepisma there are three pairs of coeca on each 
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side, seginentiilly placed and opening into a common duct. 
In .Vnchilis there are three retort-shaped sacs on each side open- 
ing near one another into a common duct, the vasa deferentia 
are elongate, and are very curiously formed, l>eing each double 
for a considei-able length, and the separated portions connected 
at intervals by live transverse commissural ducts. 

One of the characteristic fe<itures of Insect structure is the 
restriction of articulated legs to the thoracic region. In the 

Thysanura there exist ap- 
ft \ pendages occupying a posi- 

tion on the hind body some- 
what similar to that of the 
legs on the thorax. These 
f i appendages are quite small 

bodies, and are placed at the 
hind margins of the ventral 
plates of the abdomen, one 
near each side ; they are con- 
nected by a simple joint to 
the sternite and are provided 
with muscles. They are 
found in Campod^a on seg- 
ments 2 to 7 ; in Lepisma 
on 8 and 9, in the allied 
Fio. 94. — Ovaries of Thysanura: A, of Cam- Nicolttia on 2 tO 9 j iXiJapyX 

A A « on 1 to 7, being, how- 

Grassi aud Ouileniaos. ) ® 

ever, more rudimentary than 
they are in Campodea. In MachUis they attain perhaps their 
greatest development and exist on segments 2 to 9 ; more- 
over, in this genus such appendages occur also on the coxae of 
the second and third pairs of thoracic legs. Oudemans thinks 
they help to support the abdomen, and that they also assist 
in leaping; Grassi considers that they are supporting agents to 
some extent, but that they are essentially tactile organs. He 
calls them false legs “ Pseudozampe.” 

Still more remarkable and obscure in function are the vesicles 
found near the appendages ; we figure a pair after Oudemans, 
showing tliem in the exserted state. In the retracted state the 
outer portion of the vesicles is withdrawn into the basal part P 
(Fig. 95), so that the vesicles are then only just visible, being 
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concealed by the ventral plate. The abdominal appendage is not 
retractile. In Machilis there are twenty-two of these vesicles, 
arranged either two or four on one ventral plate of the hind 
body. They are also present in Campodea, where there are six 
pairs. They are xisually said to be absent in Japyx and in 
Lepisma, but Haase shows ^ that Japyx possess a pair placed 
behind the second ventral plate of the abdomen. The vesicles 
appear to be exserted by the entrance of blood into them, and to 
be retracted by muscular agency. Much difference of opinion 
prevails as to their function ; it appears probable that they nuiy 
be respiratory, as suggested by Oudeniaus. 

The scales found on the botlies of the Ectotrophous Tliysanum 
may be looked on as modified hairs, and are essentially similar to 
those of the Lepidoptera, and they drop off 
as readily as do those of the Lepidoptein. 

Stummer-Traunlels, who has recently 
published * the results of his researches on 
the mouth-organs of Thysanura and Col- 
lembola, confirms the division of the 
Thysanxira into Entotrophi and Ectotrophi, 
and considers that tl»e Collembola agree 
with the former group. The German 
author therefore proposes to divide our 
Aptera, not into Thysanura and Collembola, 

but into Ectoguathi and Entognathi, the cies of MaehiUs. a. 
former group consisting of Machilidae and 

Lepismidae, the latter of Campodeidae, tiou ; a. muscles, xro. 
Japygidae and the various families of 
Collembola. We think it far more natural, however, to retain 
the older division into Thysanura and Collembola. 



Collembola. 

The sub-order Collembola, which we have defined on p. 182. 
consists of small Insects, many of which possess the capacity of 
leaping, or springing suddenly, and when disturbed or alai'iued 
naturally make use of this means of escaping. Their leaps, how- 
ever, appear to be made quite at random, and very frequently do 

* J/wyA. Jahrb. xt. 1889, p. 363. » SB. Al\ JFxen. c. 1891, Abtb. I. p. 216. 
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not have the result of taking the creature into concealment, and 
in such circumstances they may be rapidly and frequently 
repeated until the Insect feels itself, as we may suppose, in a 
position of safety. Three families may be very readily dis- 
ting^shed, viz. (1) Lipuridae, in which no leaping apparatus is 
present; (2) Poduridae, a leaping apparatus exists near the ex- 
tremity of the abdomen ; the body is subcylindric and evidently 
segmented; (3) Smynthundae, a leaping apparatxxs exists: the 
body is sub-globular with comparatively large head and abdomen, 
the intervening thoracic region being small ; the segmentation of 
the body is obscure. 

The study of the Collembola is much less advanced than that 
of the Thysanura, comparatively little having been added to our 
knowledge of the group since Lubbock’s monograph of the 
British forms was published by the Ray Society in 1873. Why 
the Collembola should be neglected when the Thysanura attract 
so much attention is as inexplicable as many other fashions are. 

The family Lipuridae consists of a few very small and obscure 
Insects of soft consistence. They move slowly, and, owing to the 

absence of any leaping power, attract atten- 
tion less readily than the other Collembola 
do. Two genera are generally recognised, 
and they should probably form separate 
families ; indeed, in Lubbock’s arrangement 
they do so. In one of the genera (^Atuiura) 
the mouth is very imperfect, no mandibles 
or maxillae having been detected, while in 
the other genus (^Hpurd) these organs exist. 

In the members of the family Poduridae, 
including . the Degeeriidae of Lubbock, a 
saltatory apparatus is present in the form 
of appendages attached to the fifth abdomi- 
nal segment (Degeeriides), or to the fourth 

fiq. QG.-Lipura bur- (Podurides). Thesc appendages are during 
meisuri. (After Lab- {jfg flexed beneath the body, but in dead 

specimens usually project backwards, having 
the appearance of a bifid tail Poduridae are of elongate form, 
somewhat like small caterpillars, and are frequently prettily 
marked with variegate colours. Fig. 97 represents an arctic form 
closely allied to our native genus Isotoma. 
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The peculiar shape of the members of the Smynthuridae is 
sufficient for their identification- They possess a very convex 


abdomen, and very near to it 
a large head, the intervening 
chink being occupied by the 
small thorax. The segmenta- 
tion of the body is not easily 
distinguished. Nicolet states 
that the thorax consists of 
three segments and the abdo- 
men of the same number, and 



that when the Insect emerges ^T.—Cotynothrixbortalia: a, ventral 
from the egg these divisions “■>■« i ». «>« (After Tullbe.*.) 

can be perceived. In after life the posterior part of the thorax 
becomes amalgamated with the abdomen, so that it is difficult to 
trace the divisions, but there appears to be no information as to 



the manner in which this change occurs. 
Some of these minute Insects frequent 
trees and bushes, and their leaping powers 
are very perfect, so that it is difficult to 
capture them. The family includes both 
the Smynthuridae and the Papiriidae of 
Lubbock. 

The two most characteristic organs of 
the Collembola are the spring and the 
ventral tube. The first of these is an 
elongate structure attached to the under- 
side of the abdomen near its extremity, 
either on the penultimate or ante-penulti- 
mate segment. It consists of a basal 
I>art, and of two appendages attached 
thereto. It is carried under the Insect 
bent forwards, and is retained in this 
position by means of a catch which pro- 
jects from the under surface of the third 


Pio. 98 . — SmjfnOiunu tarit- Segment of the body, descending between 
CsISl branches of the spring, and pass- 

ing under the extremity of its basal seg- 
ment It is considered that the spring is elastic, is fiexed under 
the body by muscular action, and, being retained in this position 
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of restraint by the catch, when the latter is removed the spring 
extends by reason of its elasticity, and the leap is thus executed. 
Whether this is really the exact method of leaping is, however, 
doubtful, for Lubbock says that the catch “ only exists in certain 
genera ” ; while in its structure it does not appear to be well 
calculated to retain in position an organ that by virtue of its 
elasticity is constantly exerting a considerable force. 

The ventral tube is an anomalous and enigmatic structure. 
In the lower forms, such as Lijtura or Anurida, it consists merely 
ot a papilla (Fig. 100, A, a) more or less divided by fissure into two 
parts. In the Smynthuridae it is more highly developed, and 
protects two long delicate tubes that are capable of being 
protruded, as shown in the outline profile of Smynthurus f uscus 
(tig. 99), which is taken from si>ecimens preserv^ in balsam by 

Mr. J. J. Lister. The nature and use 
of this ventral tube have given rise to 
much discussion. Lubbock considered, 
and others have agreed with him, that 
it serves to attach the Insect to bodies 
to which it may be desirable the Insect 
should, when in the perpendicular posi- 
tion, adhere. Beuter * assigns a quite 
different function to this singular struc- 
Smynthtiiy.s /u^», tQ^e. He states that the hairs of the 

truded from ventral tube; IxkIj are hygroscopic, and that the 
b, the apring exteaded. peculiar claws of the Insect having 

collected the moisture from the hairs, the ventral tube becomes 
the means of introducing the liquid into the body. These Insects 
possess, however, a mouth, and there seems to be no reason why 
a complex apparatus should be required in addition to it for so 
simple a purpose as the introduction of moisture to the interior of 
the body. Haase finds * that Collembola can crawl on glass 
without the aid of the ventral tube ; he considers its function 
to be physiological, and that it may probably be respiratory as it 
has been suggested is the case with the vesicles of Thysanura. 
The function of the ventral tube is certainly not yet satisfac- 
torily elucidated. The vesicles contained in it are said to be 
extruded by blood-pressure, and withdrawn by muscular action 
in a manner similar to that which we have described as occurring 

» Ent. Tidikr. i. 1880, p. 159. ® MorphoL Jahrb. xr. 1888, p. 3«1. 
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in the case of the exsertile vesicles of the Thysanura. Tlie pro- 
cesses in Smynthurus bear glandular structures at their ex- 
tremities. It has been suggested that the ventral tube of Collem- 
lx)la is the homologue of a pair of ventral appendages. The term 
(•ollophore has been applied to it somewhat prematurely, seeing 
the doubt that still exists as to its function. 

Some of the Collembola possess a very curious structure 
called the prostemmatic or ante-ocular organ ; its nature and 
function have been very inadequately investigated. The ocular 
organs of the Collembola consist, when they are present, of 
isolated ocelli placed at the sides of the head like the corre- 
sponding organs of caterpillars; the prostemmate is placed 
slightly in front of the group of ocelli, and has a concentric 
arrangement of its parts, reminding one somewhat of the com- 
pound eyes of the higher Insects. This structure is represented 
in Fig. 100, B, C ; it is said by Sir John Lubbock to be present 
in some of the Lipuridae that have no ocelli, and he therefore 
prefers to speak of it as the “ post-antennal ” organ. 

A very characteristic feature in the Collembola is the sliglit 
development of the tracheal system. Although writers are far 
from being in accord as to details, it seems that stigmata and 
tracheae are usually absent. In Smynthurus there are, however, 
according to Lubbock, — whose statement is confirmed by Meinert 
and Tullberg, — a pair of stigmata situate on the head below the 
antennae, and from these there extends a tracheal system through- 
out the body. Such a position for stigmata is almost, if not 
quite unique in Insects ; Grassi, however, seems to have found 
something of the kind existing in the embryo of the bee. 

At present only a small number of species of the Order 
Aptera are known ; Lubbock recognised about sixty British 
species, and Finot sixty - five as found in France. The North 
American forms have not received so much attention as the 
European, and the Aptera of other countries, though they are 
probably everywhere fairly numerous, are scarcely known at all. A 
few have been described from the Indo-Malayau region and some 
from Chili, and the writer has seen species from the West Indian 
and Sandwich Islands. All the exotic forms as yet detected are 
very similar to those of Europe. 

The Thysanura are probably not very numerous in species, and 
appear to be in general intolerant of cold. With the Collembola 
VOL. V o 
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the reverse is the case. They are excessively numerous in 
individuals ; they are found ilearly everyvirhere on the surface of 
the ground in climatic conditions like those of our country, 
while no less than sixteen species have been found in Nova 
Zembla and one each in Kerguelen and South Georgia. One 
sjiecies, if not more, of Podura, lives on the surface of stagnant 
waters, on which the minute creatures may frequently be seen 
leaping about in great numbers after being disturbed. 

In 1874 the plain of Gennevilliers in France was copiously 
irrigated ; in the following year the soil was still very damp, and 
there existed numerous pools of stagnant water, on the surface 
of which Podura aquatica was developed in such prodigious 
quantity as to excite the astonishment of the inhabitants of the 
region. 

Accounts have been frequently given of the occurrence on 
snow and glaciers of Insects spoken of as snow-fieas, or snow- 
worms. These mostly relate to Poduridae, which are sometimes 
found in countless number in such situations. The reason for 
this is not well imderstood. According to F. Low,* on the 17th 
of March at St. Jacob in Carinthia, Parson Kaiser observed, on 
the occurrence of the first thaw-weather, enormous numbers of a 
Podura (? Achorutes murorurn) on the surface of the snow for an 
extent of about half a mile, the snow being rendered black in 
appearance by them ; eleven days afterwards they were foimd in 
diminished numbers on the snow, but in large quantity on the 
water left by its melting. This account suggests that the 
occurrence of the Insects on the snow was merely an incident 
during their passage from the land, where they had been 
hibernating, to the surface of the water. 

One little member of the Lipuridae, Anurida maritima 
( Lipura inaTitima of Lubbock), has the habit, very unusual for an 
Insect, of frequenting salt water. It lives amongst the rocks on 
the shores of the English Channel, between high and low tide- 
marks. Its habits have been to some extent observed by 
Laboulb^ne and Monies » ; it appears to be gregarious, and when 
the tide is high, to shelter itself against the commotions of the 
water in chinks of the rocks and other positions of advan- 
tage. When the tide is out the Insects apparently deUght to 

* Verh. zool.-bot. Oca. Wien, viii. 1868, p. 664. 

* Ann. Soc. ent. France, 4th ser. iv. 1864, p. 706. 

* JUv. biol. Nord France, ti. 1890, p. 84/. 
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congregate in masses on the surface of the rock pools. This 
Anuri^ can endure prolonged immersion; but both the ob- 
servers we are quoting say that it is, when submerged, usually 


completely covered with a coat 
of air so that the water does not 
touch it. The little creature 
can, however, it would appear, 
subsist for some time in the 


pools of salt water, even when 
it is not surroiinded by its 
customary protecting envelope 
of the more congenial element. 
Its food is said, on very slender 




evidence, to consist of the re- 
mains of small marine animals, 
such as Molluscs. We repro- 
duce some of Laboulb^ne’a 


A 

Fio. 100 . — Anurida marUima: A, aoder- 
surface : a, papill* of vrntnl tube ; B, 
prosteouDetic of yooog ; C, of 

tdolt. (AfUr LabotUb^De. } 


figures (Fig. 100) ; the under-surface shows at a the divided pap- 
illa of the ventral tube ; B, C represeut the pecul^ prostemmatic 
organ, alluded to on p. 193, in its mature and immature states. 

Very little information exists as to the life-history of the 
Aptera ; as for their food, it is generally considered to consist of 
refuse vegetable or animal matter. It is usual to say that they 
are completely destitute of metamorphosis, but Templeton says of 
Lepisma niveo-fasciata that “ the young differ so much from the 
mature Insect that I took them at first for a distinct species ; the 
thoracic plates are proportionately less broad, and the first is 
devoid of the white marginal band.” As regards the moults, it 
would appear that in this, as in so many other points, great 
diversity prevails, Grass! stating that in Campodea there is a 
single fragmentary casting of the skin ; and Sommer informing us 
that in Macrotoma plumhea the moults are not only numerous, 
but continue, after the creature has attained its full growth, 
throughout life. 

A very marked feature of the Aptera is their intolerance of a 
dry atmosphere. Although Campodea can exist under very 
diverse conditions, it dies very soon after being placed in a dry 
closed tube ; and the same susceptibility appears to be shared by 
all the other members of the Order, though it is not so extreme 
in all ; possibly it may be due to some peculiarity in the structure 
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of the integuiueut. So far as tolerance of heat and cold goes, 
the Aptera can apparently exist in any climate, for though Sdiuc 
of the species extend to the Arctic regions, others are peculiar to 
tlie tropics. 

Thysannra are recorded by Klebs and Scudder as occurring 
commonly in amber; the latter author has described a fossil, 
supposed to be a Lepisina, found in the Tertiarj' deposits at 
Florissant. Scudder has also described another fossil, likewise 
from Florissant, wliich he considers to form a special sub-order of 
Thysanura — Ballostoma — but it is extremely doubtfid whetlier 
this anojnalous creature should l>e assigned to the Order at all. A 
still older fossil, Dasyleptus lucasii Brongniart, from the CarlK>ii- 
iferoiis strata in France, is considered to belong to the Oi*der 
Aptera, but it must be admitted there is some doubt on this 
point. 

The interest aroused in the minds of naturalists by the 
comparatively simple forms of these purely wingless and therefore 
anomalous Insects has been accompanied by much discussion as to 
their relations to other Insects, and as to whether they are 
really primitive forms, or whetlier they may perhaps lie degenerate 
descentlants from some less unusual states of Insect-life. Mayer 
and Brauer dis.sociated our Aptera entirely from other Insects, 
and proposed to consider the Hexaj^ioda as being composed of two 
groups — (1) the Apterygogenea, consisting of the few species we 
have been specially considering ; and (2) the Pterygogenea, includ- 
ing all the rest of the immense crowd of Insect forms. They 
were not, however, able to accompany their proposed division by 
any satisfactory characters of distinction, and the subsequent 
progress of knowledge has not supported their view, all the best 
investigators having found it necessary to recognise the extremely 
intimate relations of these Insects with the Orthoptera, Meinerl 
thought that Lepisma must be included in the Orthoptera ; Grassi 
proposes to consider the Thysanura as a distinct dnusion ol 
Orthoptera ; and Oudeinans recognises the close relations existing 
between Machilis and Orthoptera proper. Finot includes the 
Aptera in his Orthopt^res de la France, and a species of Japyx 
has actually been described by a competent entomologist as an 
apterous earwig. At present, therefore, we must conclude that 
no good distinction has been found to justify the separation of 
the Aptera from all other Insects. 
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The taxonomy of the Colleiul>ola has not yet been adequately 
treated, and it is possible that more grounds will be found 
for separating them as a distinct Order from the Thysanura, a 
course that was advocated by Lubbock, — than exist for dividing 
these latter from the Orthoptera proper. There are apparently no 
grounds for considering the Aptera to be degenerate Insects, and we 
may adopt the view of Orassi, that they are primitive, or rather 
little evolved forms. It must be admitted that there are not at 
present any suthcient reasons for considering these Insects to be 
“ ancient ” or “ ancestral.” The vague general resemblance of Cam- 
podea to many young Insects of very different kinds is clearly the 
correlative of its simple form, and is no more proof of actual 
ancestry to them than their resemblances inter se are proofs of 
ancestry to one another. But even if deprived of its claim to 
antiquity and to ancestral honours, it must be admitted that 
Cnmpodca is an interesting creature. In its structure one of the 
most fragile of organisms, with a very feeble respiratory system, 
inadequate organs of sense, only one pair of ovarian tubes, very 
imperfect mouth-organs, and a simple alimentary canal, it 
nevertheless flourishes while highly-endowed Insects become 
extinct. In the suburban gardens of London, on the shores of 
the Mediterranean, on the summits of the higher Pyrenees, in 
North America even it is said in the caves of Kentucky, and 
in India, Campodea is at home, and will probably always be 
with us. 



CHAPTER VIII 


ORTHOPTERA FORFICULIDAE, EARWIGS HEMIMERIDAE 

Order IL — Orthoptera. 

Insects with the mouth parts conspicuous, formed for biting, the 
four palpi very distinct, the lower lip longitudinally divided 
in the middle. The tegmina (mesothoracic wings'), of parch- 
ment-like consistence, in repose closed on the back of the 
Insect so as to protect it. 2%e metathoracic wirtgs, of more 
delicate consistence, ample, furnished with radiating or 
divergent nervures starting from the point of articulation, 
and with short cross nervules forming a sort of network; 
in repose collapsing like a fan, and more or less completely 
covered by the tegmina {except in certain Phasmidae, where, 
though the wings are ample, the tegmina are minute, so that 
the wings are uncovered). In a few forms (winged Forfi- 
culidae and some Blattidae) the metathoracic wings are, in 
addition to the longitudinal folding, contracted by means of 
one or two transverse folds. The mode of growth of each 
individual is a gradual increase of size, without any abrupt 
change of form, except that the loings are ordy fully developed in 
the final condition. There is no special pupal instar. Species 

in which the wings are absent or rudimentary are numerous. 

* 

The Orthoptera are Insects of comparativelj large size. The 
Order, indeed, includes the largest of existing Insects, while none 
are so minute as many^ of the members of the other Orders are ; 
three millimetres is the least length known for an Orthopterous 
Insect, and there are verj few so small, though this is ten times 
the length of the smallest beetle. The Order includes earwigs, 
cockroaches, soothsayers or praying-insects, stick- and leaf-insects, 
grasshoppers, locusts, green grasshoppers, and crickets. 
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The changes of form that accompany the growth of tlie 
individual are much less abrupt and conspicuous than they are 
ia most other Insects. The metamorphosis is therefore called 
Paurometabolous. It has been supposed by some naturalists that 
Orthoptera go through a larger portion of their development in 
the egg than other Insects do. This docs not clearly appear 
to be the case, though it seems that there are distinctions of a 
general character in the embryology ; the period of development 
in the egg is prolonged, and the yolk is said by Wheeler ^ to be 
more than usually abundant in comparison with the size of the 
young embryo. The embryonic development may in tropical 
countries be accomplished in tliree weeks (see Mantidae), but in 
countries where winter supervenes, the period may in some 
species be extended over seven or eight months. 

The external features of the post-embryonic development — a 
term that ia more convenient in connexion with Orthoptera than 
metamorphosis — are as follows : the wings are never present when 
the Insect is first hatched, but appear subsequently, and increase 
in size at the moults ; the form and proportions of the segments 
of the body — especially of the thorax — undergo much change ; 
an alteration of colour occurs at some of the moults, and the 
integument becomes harder in the adult condition. Neither 
the development of the internal organs, nor the physiological pro- 
cesses by which the changes of external form are effected, appear 
to have been studied to any great extent. 

Many of the Orthoptera do not possess wings fit for flight, and 
some species even in the adult state have no trace whatever of such 
otgana Flight, indeed, appears to be of minor importance in the 
Order; in many cases where the wings exist they ore purely musical 
organs, and are not of any use for flight. The apterous and the 
flightless conditions are not confined to one division of the Order , 
but are found in all the families and in many of their sub- 
divisions. As the front pair of wings in Orthoptera do not really 
carry out the function of flight, anu as they differ in several par- 
ticulars from the hinder pair, or true wings, it ia usual to call 
them tegniina. The musical powers of the Orthoptera are confined 
to the saltatorial group of familiea The Cursoria are dumb or 
nearly so ; it is a remarkable fact that ako in this latter division 
the alar organs, though frequently present, have but little value 

* J. Ttii. 189S, p. 64. 
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for flight, and are in some cases devoted to what we may call 
purposes of ornament or concealment. This is specially the case 
in the Phasmidae and Mantidae, where the effectiveness of colour 
and pattern of these parts becomes truly astonishing. The 
tegmimi frequently e.xhibit an extraordinary resemblance to 
vegetable structures, and this appearance is not superficial, for it 
may be seen that the nervures of the wings in their disposition and 
appearance resemble almost exactly the ribs of leaves. One of the 
most remarkable of the features of Orthoptera is that a great 
difference frequently exists l)etween the colours of the tegmina 
and of the wings, i.e. the front and hind wings ; the latter are 
concealed in the condition of repose, but when activity is entered 
on and they are displayed, the individual becomes in appearance 
a totally different creature. In some cases, contrary to what 
usually occurs in Insects, it is the female that is most remark- 
able ; the male in Mantidae and Phasmidae being frequently a 
creature of quite inferior appearance and power in comparison 
with his consort. The musical powers of the saltatorial 
Orthoptera are, however, specially characteristic of the male sex. 
There is evidence that these powers are of great importance to 
the creatures, though in what way is far from clear. Some parts 
of the structures of the body are in many of these musical species 
clearly dominated by the musical organs, and are apparently 



FlQ. 101 . — Poeeilimon Oiffinia $ . Bulgaria. Alarorgan* 
serving only as musical organs. The ear on front 
tibia and a ral orifice of prolhorai are well shown. 


specially directed to 
securing tlieir effici- 
ency. "We find in some 
Locustidae that the 
tegmina are nothing 
but sound - producing 
instruments, while the 
pronotum is prolonged 
to form a hood that 
protects them without 
encumbering their ac- 


tion. In the males of the Pneumorides, where the phonetic organ 
is situated on the abdomen, this part of the body is inflated and 
tense, no doubt with the result of increasing the volume and quality 
fif the sound. In the genus Metho'M (Fig. 185) we find a grass- 
whose great hind legs have no saltatorial function, and but 
litiie i>ower of locomotion, but act as parts of a sound-producing 
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instrument, and as agents for protecting some parts of the body 
in repose. Further particulars of these cases must be looked for 

in our accounts of the different groups. 

The eggs of many Orthoptera are deposite<l in capsules or 

cases ; these capsules may contain only one egg, or a great niany. 

The Order includes many species of Insects, though in Britain 
it is poorly represented : ^ve have only about forty species, and 
this small nuiul)er includes some that are naturalised. Only a 
few of the forty extend their range to Scotland. A revision of 
the species found in BriUin has recently been made by Mr. 
Eland Shaw.' In continental Europe, especially in the south, 
the species become more numerous, about 500 are known as 
inhabitants of geographical Europe. In countries where the face 
of nature has been less transformed by the operations of man, 
and especially in the tropical parts of the world, Orthoptera are 
much more abundant. 

The lowest number at which the species now existing on the 
surface of the earth can be estimated is 10,000. This, however, 
is probably far under the mark, for the smaller and more obscure 
species of Orthoptera have never been thoroughly collected in 
any tropical continental region, while new forms of even the 
largest size are still frequently discovered in the tropics. 

We shall treat the Order as composed of eight families: — 


Series, Cur$aria : 
bind legs but 
little diflerent 
from tbe others. 


1. Forficulidao-^Tegniiua short, wings complexly folded ; body 

armed at the extremity with strong forceps. 

2. Heruuneridae — Apterous : head exserted, constricted behind. 

3. Blaitidae^Coxae of the legs Urge, exserted, protecting 

the lower part of the body. 

4. Mantidac — Front legs very Urge, raptorial, armed with spines. 

5. Phasmidae— Mesothorax Urge as compared with the pro- 


thorax. 


Series, Saltaioria : 
hind legs elon- 
gate, formed for 
leaping, their 
femora usually 
thickened. 


1 6. Acrtdiidae — Antennae short, not setaceous, of not more than 
30 joints, tarsi three-jointed. 

7. I^custidae — Antennae very long, setaceous, composed of a 
I Urge number of joints, tarai four-jointed. 

1 8. GrylHdae — Antennae very long, setaceous, tarsi two- or three- 
^ jotnUd. 


The first five of these subdivisions are amongst the most 
distinct of any that exist in the Insecta, there being no con- 
necting links between them. The three groups forming the 

^ BrU. Mo. Mag. zxv. 1889 , and xzti. 1890 . 
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Saltatoria are much more intimatelj allied, and should, taken 
together, probably have only the same taxonomic value as any one 
of the other five groups. 

Owing partly to the inherent difBculties of the subject, and 
partly to the fragmentary manner in which it has been treated 
by systematists, it has been impossible till recently to form any 
clear idea of the classificatiou of Orthoptera. During the last 
twenty years Henri de Saussure and Brunner von Wattenwyl 
have greatly elucidated this subject. The latter of these two 
distinguished naturalists has recently published ’ a revision of the 
system of Orthoptera, which will be of great assistance to those 
who may wish to study these Insects. We therefore reproduce 
from it the characters of the tribes, placing the portion relating 
to each family at the end of our sketch thereof. 


Fam. I. Forficnlidae — Earwigs. 

(DERMAPTERA OR DERMATOPTERA OF BRAUER AND OTHERS) 

Insects of elongate form, with an imbricate arrangement of the 

segments of the body ; beai'ing at 
the posterior extremity a pair of 
callipers or more distorted instru- 
ments. The hind wings (when 
present) folded in a complex 
manner, and covered, except at their 
tips, by a pair of short wing-covei'S 
(tegmina), of a leather-like cotxsisl- 
ence. Wingless forms are very 
numerous. The young is vay 
similar to the adult. 

Although earwigs are said to be 
rare in most parts of the world, yet 
in Europe no Insect is better known 
than Porficvla auricvlaria, the common 
earwig, it being very abundant even in 
gardens and cultivated places. In certain seasons it not un- 
fre(piently enters our houses, in which case it too often falls a 

* Ann. Mua. Oenova, xxxiii. (1802). 



Fia. 102 . — Pygidicrana kugtli. 
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victim to prejudices that have very little to justify them. This 
Insect is a good type of the winged earwigs. In the parts of 
the mouth it exhibits the structures usual in the Orthoptera ; 
there is a large labrum, a pair of maxillae, each provided with two 
lobes and a palpus consisting of two very short basal joints and 
three longer joints beyond these ; the mandibles are strong, with 
curvate pointed extremities ; in the lower lip there is a ligula 
exposed in front of a very large mentum ; it consists of two 
pieces, not joined together along the middle, but each bearing on 
its lateral edge a palpus with two elongate joints and a short 
basal one ; this lip is completed by the lingua, which leposes 
on the upper face of the part, and completely overlaps and 
protects the chink left by the want of union along the middle 
line of the external parts of the lip. The antennae are elon- 
gate, filiform, and are borne very near the front of the exserted 
head. There are rather large facetted eyes, but no ocelli. The 
three segments of the thorax are distinct, the prothorax being 
quite free and capable of movement independent of the pai'ts 
^hind it : the meso- and meta-nota are covered by the tegmina 
and wings \ these latter project slightly from imderneath the 
former in the shape of small slips, that are often of rather lighter 
coloxu: ; the wing-covers are short, not extending beyond the 
insertion of the hind legs, and repose fiat on the back, meeting 
together in a straight line along the middle. These peculiar 
flat, abbreviated wing-rcovers, with small slips (which are portions 
of the folded wings) projecting a little from underneath them, 
are distinctive marks of the winged Forficulidae. 

The legs are inserted far from one another, the coxae being 
small ; each sternum of the three thoracic segments projects 
backwai'ds, forming a peculiar long, &ee fold, underlapping the 
front part of the following segment. The hind body or abdomen 
is elongate, and is formed of ten segments ; the number readily 
visible being two less in the female than it is in the male. 
The segments are fitted together by a complex imbrication, 
which admits of great mobility and distension, while offering a 
remarkable power of resistance to external pressure : each 
segment is inserted far forward in the interior of that preceding 
it, and each also consists of separate upper and lower plates that 
much overlap where they meet at the sides (see Fig. 103). The 
body is always terminated by a pair of horny, pincer-like 
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processes, which are differently shaped according to the sex of 
the iiiilividiial. 

The structure of the abdomen in the earwig has given rise to 
considerable discussion. In Fig. 103 we reproduce Westwood’s 

diagram of it as seen fully distended 
in a female specimen ; in this state the 
minute spiracles can be detected, though 
in the normal condition of the body 
they cannot be seen, being placed on 
the delicate membranes that connect 
the chitinoua plates. Westwood’s inter- 
pretation of the structui-e was not, how- 
ever, quite correct, as the part which 
he considered to be the first dorsal 
plate is really the second ; so that the 
Fig. 103.— Uterai view of For- segments numbered 7, 8, 9 in our 

are really 8, 9, 10. The com- 
spiracles, 8, and tbe sniaJi H)on edfwig is interesting as exhibit- 
aaTs iif *’*'*'^ *“8- imperfect state, the union 

of the first dorsal plate of the abdo- 
men with the thorax ; a condition which is carried to so 
great an extent in the Hymenoptera as to quite obscure the 
nature of the parts, and which has consequently given rise to 
much perplexity and discussion. We repre- 
sent this structure as seen in the common 
earwig in Fig. 104, where a represents the 
pronotum, h the mesonotum, c the metanotum, 
d the fir.st,/ the second abdominal segment ; 

€ 1>eing u <lelicate membrane of considerable 
size that intervenes between the two, and 
which is more exposed than are the corre- 
sponding membranes connecting the subse- fio. i 04 .— Dorsal por- 
(luent rings ; a condition similar to that which 
is found in Cimhex, Cephu8, and some other Forfiada aurietd- 
Hymenoptera. 

On the under surface of the abdomen of the 
earwig the full number of 10 plates cannot be superficially dis- 
tinguished ; but it is found by dissection that in the female the 
short eiglith and ninth dorsal rings are joined on the ventral aspect 
by a delicate membrane, while the tenth ventral is of a less delicate 



arra (Ugmioa and 
wings removed). 
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nature, and forms a triangular plate at the l)ase of each half of 
the forceps. Between the branches of the forceps there is a j>er- 
pendicular plats, the pygidiuin of Orthopterists, possibly the 
unpaired terminal portion of the body seen in some embrj-os, and 
called the telson. The pygidium is a separate sclerite, though 
it looks as if it were only a portion of the large tenth dorsal 
plate bent downwards, and in some descriptive works is errone- 
ously described as being such. 

A very large number of species of Forficulidae have the 
organs of flight undeveloped. Fig. 105 represents Chelidura 
dilatata, an apterous form that is very com- 
mon in the Eastern Pyrenees. The condition 
of the meso- and meta-nota — the parts from 
which the teginina and wings are developed, 
and to which they are attached when present 
— is very remarkable in these fonns, and 
exhibits much variety. In Fig. 106 we 
represent the conditions of these parts in 
a few apterous forms. The teginina or the 

segment from which they are developed (6). 

„ • 4.1 u 1 4 . u- t. Ftc. 105.— C/u-JiViura 

are seen in the shape of a plate which may male, pj reaees. 

extend all across the middle and be undi- 
vided (No. 4) ; in which case the appearance indicates entire 
absence of the tegmina; these are, on the contrary, evidently present 
in the form of slips grafted one to each side of the second thoracic 



segment in Anisolahis (No. 3); or they may look like short 

broad slips extending all 

j ai ) . I ja across the body, and niark- 

P A b f i ing off a piece frequently 

^ ( 1* / ! 1 calledascutellum, but which 

r — ^ -sj j is really the mesonotuiu 
^ * (some species of Chelidura, 

Fia 106.*— Tegmina and wings (visible in part or 00 O') • nr iktaiii tltpv 

invUible) of apterous earwigs. 1, CAefufirasp.; ^ or, again, they 

2, Chdidura dilaUUa ; 3, AniMolabU nwata; may be nearlj' free tCg- 

4. A.marUima. a. First thoracic segment ; 6, ,nina somewbat- similnr tn 
second ; c, third ; d, basal portion of abdomen. SOmewnat Similar to 

those of the winged forms ; 
this is the case with some species of Chelidura, as represented 
by No. 1. This last figure is taken from a species from the 
Sierra Nevada, apparently imdescribed, allied to C. holivari. 

In the cases we are considering no analogous structures exist on 
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the metanotum (the part of the body that in the winged forms 
bears the wings, and which is marked c in our diagrams. Fig. 
106), so that the tegmina are to all appearance less rudimentary 
(or vestigial) than the wings. The metanotum forms a sort of 
tlap, called by Fischer * “ involucrum alarum ” ; he considered 
the part immediately behind this to be the metanotum ; this 
piece is, however, no doubt really part of the abdomen (d in our 
Figure). This is apparently the view taken by Brunner.® The 
structure of these parts is important as bearing on the subject 
of the nature and origin of Insects’ wings, a question to which 
no satisfactory answer has yet been given. The appearances 
we have remarked on are to some extent similar to the con- 
ditions existing in the immature state of the organs of flight in 
the common earwig (see Fig. 112, p. 212), but whether the 
varieties presented by the wingless forms have parallels in the 
immature conditions of the various winged forms is quite 
uncertain, the life-histories of earwigs being almost unknown. 

The developed wings of earwigs are worthy of attention, 
both as regards their actual structure and the manner in which 

they are folded up in repose. When 
expanded they have a shape curiously 
suggestive of the human ear. The chief 
parts of the wing, as shown in Fig. 107, 
A, are a, b, two portions of the homy 
piece that forms the scale which covers 
the more delicate parts of the wing 
when it is folded, and which, according 
to Brunner, represents the radial and 
“I--*- fi-Ws of the winp of Acridiidae 
papded, expUnaijon in text; and Locustidae (see Fig. 167); c is 

B. wing folded and paoked. limited beloW 

by the vena dividens ; d is the vena plicata which runs 
along the under side of the scale as far as the apical field, 
where it gives off the axillary nerves; ^ is a vena spuria, or 
adventitious vein such as exists in many other Orthoptera 
with delicate wings. On the front part of the scale, a, and 
on a different plane so that it is not shown in our figure, 
there is a very delicate small band which is supposed to repre- 

* Orihopitra SurvpoM, 186S, pi. vi. f. 4, p. 434. 

* Afarph. BedcxU. Scg. Orihopt. 1876, p. 14 ; and Prod. OrtAqpt. Bur<p. 1882, p 3. 
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sent the marginal field of the wing of other Orthoptei'a. There 
are, however, grave difficulties in the way of accepting this view 
of the earwig’s wing, amongst which we may mention the 
position of tlie vena dividens and its relation to the so-called 
radial and ulnar fields of the wing. The wings are remarkable 
for their delicacy ; moreover, the way in which they fold up so 
us to be packed in the manner shown in B, Fig. 107, is very 
interesting, there being, in fact, no other Insects that fold up 
their wings in so complicated and compact a fashion as the • 
earwigs do. The process is carried out somewhat as follows : the 
longer radii come a little nearer t<^ether, the delicate membrane 
between them falling into folds somewhat like those of a paper 
fan ; a transverse fold, or turn-over, then occurs at the point 
where the radii, or axillary nerves, start from the vena plicata ; 
then a second transverse fold, but in a reversed direction, occurs 
affecting the wing just close to the spots where the shorter 
radial nervures are dilated ; then by a contraction close to the 
scale the whole series of complex folds and double are brought 
together and compressed. 

It is quite a mystery why earwigs should fold their wings 
m this complex manner, and it is still more remarkable that 
the Insects very rarely use them. Indeed, though ForJUvla 
aurievXaria is scarcely surpassed in numbers by any British 
Insect, yet it is rarely seen on the wing ; it is probable that 
the majority of the individuals of this species may never make 
use of their organs of flight or go through the complex process 
of unfolding and folding them. It should be remarked that no 

^ius expanse of the wing is exposed 
wheu the >ving8 are packed in their position of repose ; for the 
portion that projects from under the tegmina — and which, it 
will be remembered, is always present, for when wings exist 

in earwigs they are never entirely concealed by the tegmina 

is, it is curioiis to note, of hard texture, and is frequently coloured 
and sculptured in harmony with the tegmen ; in fact, one small 
part of the wing forms in colour and texture a most striking 
contrast to the rest of the organ, but agrees in these respects 
with the wing-covers. This condition is seen in Fig, 108, 
wh^ B shows the sculpture of the tegmina t, and of the 
projecting tips of the wings w. There ere numerous other 
instances m Orthoptera where one part of a wing or wing-case 
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is exposed and the other part concealed, and the exposed portion 
is totally different in colour and texture from the concealed 
portion. 

The wings of earwigs are attached to the body in a very 

unusual manner ; each wing is continued 
inwards on the upper sxirface of the 
metanotum, as if it were a layer of the 
integument meeting its fellow on the 
mesial line ; the point of contact forming 
two angles just behind the metanotum. 

Some writers have considered that tlie 
tegmina of earwigs are not the homologues 
of those of other Orthoptera, but are really 
tegulae (cf. Fig. 56, p. 103). We are not 
aware that any direct evidence has been 
l)roduced in support of this view. 

The pair of forceps with which the 
body is armed at its extremity forms 
another character almost peculiar to the 
earwigs, but which exists in the genus 
Japyx of the Thysanima. These forceps 
FiQ.i06.—A7ttchurasc^nus‘ y^py much in the different genera of the 

eiua. Himalaya. A, Out- ^ i • 

line of the Insect ; B, family ; they sometimes attain a large size 

““d extraordinary and dis- 

aimiUr sculpture. torted shapes. They are occasionally used 

by the Insects as a means of completing the process of packing 
up the wings, but in many species it is not probable that they 
can be used for this purpose, because their great size and peculiarlj 
distorted forms render them unsuitable for assisting in a delicate 
process of arrangement j they are, too, always present in the wingless 
forms of the family. Their importance to the creature is at 
present quite obscure; we can only compare tliem with the 
horns of LamelUcom Coleoptera. which have hitherto proved 
inexplicable so far as utility is concerned. No doubt the 
callipers of the earwigs give them an imposing appearance, an 
may be of some little advantage on this account; they are not 
known to be used as offensive instruments for fighting, but they 
are occasionally brought into play for purposes of defence, the 
creatures using them for the infliction of nips, which, however, 
are by no means of a formidable character. 
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These forceps are, in the case of the common earwig — and tliey 
have not been studied from this point of view in any other 
species — remarkable, bec-ause of the great variation in their 
development in the male, a character which again reminds us 
of the horns of Lamellicorn beetles : in the female they are 
comparatively invariable, as is also the 
case in the few species of lAmellicomia, 
which possess horned females. A and 
B in Figure 109 represent the forceps 
of different males of the common earwig, 

C showing those of the other sex. The 
subject of the variation of the male 
callipers of the earwig has been con- 
sidered by Messrs. Bateson and Briiid- — Forceps of the 

11 . -1 common earwig : A. of Urge 

lejv who examined 1000 specimens m*U; b, of smui ro«ie ; 

captured on the same day on one of the 

Fame islands off the coast of Northumberland ; 583 of these were 
mature males, and the pincers were found to vary in length 
from about 2^ mm, to 9 mm. (A and B in Fig. 109 repre- 
sent two of the more extreme forms of this set of individuals.) 
Specimens of medium size were not, as it might perhaps have 
been expected they would be, the most common; there were, 
in fact, only about 12 individuals having the forceps of the 
medium length — to 5J- mm,, while there were no less than 
90 individuals having forceps of a length of about 7 mm., and 
120 with a length of from 2^ to 3^, Males with a medium 
large length of the organ and with a medium small length 
thereof were the most abundant, so that a sort of dimorphism 
was found to exist. Similar relations were detected in the 
length of the horns of the male of a Lamellicorn beetle examined 
by these gentlemen. In the case of the set of earwigs we have 
mentioned, very little variation existed in the length of the 
forceps in the female sex 

In many earwigs — including F. auricularia — there may be 
seen on each side of the dorsal aspect of the true fourth, or of the 
fourth and neighbouring segments of the hind body a small 
elevation, called by systematists a plica or fold, and on examina- 
tion the fold will be found to possess a small orifice on its 
posterior aspect. These folds are shown in Figs. 105 and 108 ; 

^ Proc. Zooi. Soe. London, 1892, p. 566. 
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the) have been made use of for purposes of classification, though 
no functional imi»ortance was attached to them. Meinert 
however, <li^oyered ^ that there are foetid glands in this 
oituatiou and A osseler has recently shown * that the folds are 
connected with scent-glands, from which proceed, in all pro- 
Uibility, the peculiar odour that is sometimes given off by the 
earwig. The forms destitute of the folds. e.g. Lahidura, are 
considered to have no scent glanda There is a very peculiar 
senes of smooth marks in the earwigs on the dorsal aspect of 
the abiloniinal segments, and these are present in the "landless 
Jorms as well as in the others. 

The internal anatomy lias been to some extent investigated 

by Dufour and Meinert. Dufour dis- 
sected ^turicvlaria and Ldbidura nparia, 
and found ^ that salivaxy glands exist in 
the latter Insect (called by him Forjicvln 
ffiganiea), though he was unable to discover 
them in the common earwig. According 
to Meinert,^ there are, however, salivary 
glands aflixed to the stipes of the maxillae 
in J^. auricidaria, while (in addition ?) L. 
riparia possesses very elongate glands seated 
in the middle or posterior part of the breast. 
The alimentary canal is destitute of con- 
volutions, but oesophagus, crop, and gizzard 
all exist, and the intestine behind the 
stomach consists of three divisiona The 
Malpighian tubes are numerous, 30 or 40, 

Fig. 110. — Lahidura ripa- j 7 . rrn. ^ • 

ria, DiAie. Europe. elongate. The respiratory ^stem is 

not highly developed. Earwigs^the Euro- 
pean species at least — have, as already mentioned, very small 
]X)wers of flight ; the tracheal system is correspondingly small, 
and is destitute of the vesicular dilatations that are so remarkable 
in the migratory Locusts. 

The three thoracic spiracles ® are readily observed in living 



' yaturhistorUk Tidakrifl, 3rcl ser. iL 1803, p. 475. 

* ArcK mikr. Anal, xxxvi. 1890, p. 565. 

’ Ann. hci. xiii. 1828, p. SS7. 

* yalurkistariak Tidaakri/t, Srd ser. iL 1863, p. 475. 

^ Some writers are of opioion that there are only two thoracic spiracles in Insects, 
considering tho third as belonging really to the abdomen. Looking on the point as 
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individuals. There are seven pairs of abdominal spiracles, which, 
however, are very mimite, and can only be found by distending 
the body as she •* n in Fig. 103. The ventral chain consists of 
nine ganglia (the sub-oesophageal centre is not alluded to by 
Dufour) ; the three thoracic are equidistant and rather small ; 
the hindmost of the six abdominal ganglia is considerably larger 
than any one of the other five. 


The ovaries of Lahidura riparia and Forfiada auricidaria are 
extremely different. In Z. riparia there are on each side five 
tubes, each terminating separately in an 
obliquely directed lateral part of the V 

oviduct. In F. auric-iUaria there is but Jk \ 

one tube on each side, but it is covered 
by three longitudinal series of very short jll^m 
sub-sessile, grape-like bodies, each of the 
two tubes being much dilated behind the 
point where these bodies cease. 

The testes in earwigs are peculiar and Maag d S) jS 

simple; they consist, on each side, of a aaaa| Sr 

pair of curvate tubular bodies, connected 
at their bases and prolonged outwards in 1 

the form of an elongate, slender vas de- y 

feiens. The structures in the males of f 

several species have been described at J 1 
some length by Meinert,^ who finds that I 1 / \ 

in some species a double ejaculatory duct \ 1 ^ \ 

The young is similar to the adult in a B n. \ 

form; in the winged forms it is always ni.-^varie. of i2i- 

easy to distinguish the adult by the full dura riparia, A ; For* 

development of the wings, but in the 
wingless forms it can only be decided 

with certainty that a specimen is not adult by the softer and 
weaker condition of the integumeuta Scarcely anything appears 
to be known as to the life-history, except a few observa- 
tions that have been made on the common earwig ; Camerano 
found * that this Insect has certainly three eedyses, and possibly 

at present chiefly one of oomeDclature, wo make use of the more usual mode of 
expression. 

' As on last page, and also op. eii. v. 1868, y. 278. 

* Bull. Em. Ital. xii. 1880, p. 46. 
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au earlier one which he failed to notice, and his observa- 
tion confirms the vague previous statement of Fischer. The 
eggs, in the neighbourhood of Turin, are deposited and hatched 
in the early spring; in one case they were laid on the 10th 
March, and the Insects issuing from them had completed their 
growth and were transformed into perfect Insects on the 22nd 

May. In the immature state the 
alar structures of the future imago 
may be detected. The tegmiua-bear- 
ing sclerites, t. Fig. 112, look then 
soinewliat like those of some of the 
apterous forms (Fig. 106) and, as 
shown ill A and B, Fig. 112, do not 
Fio. 112.— Noul plates from whicli differ greatly in the earlier and later 

The wiugs, however, change 
youug, A. aod more advaaced, B, uiuch more than the tegiiiiiia do ; 

at first (Fig. 112, A) there is 
but little difference between the two, though in the interior of 
the wing-flap some traces of a radiate arrangement can be seen, 
as shown at W in A, Fig. 112; in a subsequent condition the 
wing-pads are increased in size and are more divided, tlie appear- 
ance indicating that the wings themselves are present and packed 
about a centre, as shown in 11' of B, Fig. 112. 

In the young of the common earwig the number of joints ‘ in 
the antennae increases with age. Camerano, l.c., says that before 
emergence from the egg there are apparently only 8 joints in the 
antennae, and Fischer states that the larvae of K auricularia 
have at first only 8 antennal joints; later on 12 joints are 
commonly found, and, according to Riteson,- this mmiber 
occasionally persists even in the adult individual. Meinert says ^ 
that the newly hatched Forjicula has either 6 <jr 8 joints, and 
he adds that in the later portion of the preparatory stage the 
number is 12. Considerable discrepancy prevails in books as to 
the normal number of joints in the antennae of the adult /. 
auricularia, the statements varying from 13 to lo. The latter 
number may be set aside as erroneous, although it is, curiously 

* It may be worth while to rejwat that “joint" nicans a piece, anJ is the 
equivalent of “ link " in a chain. 

» MaUriaU for the Study of Variatum, 1894, p. 413. 

» Katurkid. Tidaakrift, 3rd ser. ii. 1663, p. 474. 
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enough, the one given in the standard works of Fischer, Brnnner, 
and Finot. Meinert gives without hesitation 14 as the number; 
Bateson. I.c., found that 14 joints occurred in 70 or 80 per cent 
of adult individuals, that 13 was not uncommon, that 12 or 11 
occasionally occurred, and that the nuralier may differ in the two 
antennae of the same individual. These variations, which seem 
at first sight very remarkable, may with probability be con- 
sidered as due to the fact that in the young state the number 
of joints increases with age, and that the organs are so fragile 
that one or more of the joints is very frequently then lost, the 
loss being more or less completely repaired during the subse- 
quent development. Thus a disturbing agency exists, so that the 
normal number of 14 joints is often departed from, though it 
appears to be really natural for this species. Bateson has also 
pointed out that when the normal number of articulations is not 
present, the relative proportions of joints 3 and 4 are much dis- 
turbed. It is, however, probable that the increase in number of 
the joints takes place by division of the third or third and fourtli 
joints following previous growth thereof, as in Termitidae ; so 
that the variations, as was suggested by Bateson, may be due to 
mutilation of the antennae, and consequent incompletion of the 
normal form of the parts from which the renovation Uikes place ; 
growth preceding segmentation — in some cases the growth niny 
l>e like that of the adult, while the segmentation remains more 
incomplete. In the young the forceps of the two sexes differ hut 
slightly ; the form of the abdominal rings is, on the contrary, 
according to Fischer, already different in the two sexes in the 
early stage. 

The common earwig has a very had reputation with gardenevs, 
who consider it to be an injurious Insect, but it is probable that 
the little creature is sometimes made the scapegoat for damage 
«lone by other animals ; it appears to be fond of sweets, for it 
often makes its way to the interior of fruits, and it no doubt 
nibbles the petals, or other delicate parts of flowers and vegetables. 
Camerano, however, states, /.c., that the specimens he kept in 
confinement preferred dead Insects rather than the fruits he 
offered them. Btihl considers the eanvig to be fond of a car- 
nivorous diet, eating larvae, small snails, etc., and only attacking 
flowers when these fail.* It has a great propensity for concealing 

’ Mt. Schweiz, ent. Oes. vH. 1S87, p. 310. 
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nself in places where there is only a small crevice for entry, and 
it is possible that its presence in fruits is due to this, rather than 
to any special fondness for the sweets. This habit of concealing 
itself in chinks and crannies in obscure places makes it an easy 
matter to trap the Insect by placing pieces of hollow stalks in 
the situations it affects; inverted flower-pots with a little hay, 
straw, or paper at the top are also effectual traps. We have 
remarked that it is very rarely seen on the wing, and though it 
has been supposed to fly more freely at night there is very little 
ev'idence ot the fact. Another British species, labia vtiiwr, a 
smaller Insect, is, however, very commonly seen flying. 

Earwigs have the reputation of being fond of their young, and 
Caraerano describes the female of the common earwig as carefully 
collecting its eggs when scattered, lifting them with its mandibles 
and placing them in a heap over which it afterwards brooded. 
De Geer ‘ more than a century ago observed a fondness of the 
mother for the young. After the eggs were hatched, Camerano’s 
individual, however, evinced no interest in the young. A larger 
species, Ldbidura riparia (Fig. 1 10) is said to move its eggs from 
place to place, so as to keep them in situations favourable for 
their development. 

The name “ earwig ” is said to be due to an idea tJiat these 
creatures are fond of penetrating into the ears of persons when 
asleep. Hence these Insects were formerly much dreaded, owing 
to a fear that they might penetrate even to the brain. Thei-e 
does not appear to be on record any occurrence that could justify 
such a dread, or the belief that they enter the ear& If they 
do not do so, it is certainly a curious fact that a superstition of 
the kind we have mentioned occurs in almost every coimtrj’ 
where the common earwig is abundant ; for it has, in most 
parts of Europe, a popular name indicating the prevalence of 
some such idea. It is known as Ohren-wurm in German, as 
perce-oreille in French, and so on. The expanded wing of the 
earwig is in shape so very like the human ear, that one is 
tempted to suppose this resemblance may in former ages have 
given rise to the notion that the earwig has some connexion with 
the human ear ; but this explanation is rendered very improbable 
by the fact that the earwig is scarcely ever seen with its wings 
expanded, and that it is a most difficult matter to unfold them 

* J/eni. hiat. Ittaeelea, iii. 1773, p. 648. 
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sliould have heeii observed by untutored peoples. 

The group Forficulidae seems to he moat rich in species in 
warm and tropical regions; several unwinged species are met 
with in the mountainous districts of Euroj>e ; indeed, in some 
sjiots their individuals are e.vtreinely numerous umlor stones. In 
Britain we have a li.st of six sj^ecie.s, Imt only two of these are 
to he met with; the others Iiave probably been introduced liy 
tlie agency of man, and it is doubtful wliether more than one 
of these immigrants is actvially natxiralised here. One of these 
ilou)»tfully native species is tlie fine Lohuiura riparia (Fig. 110), 
which wjis formerly found near Bournemouth. Altogether al>out 
400 species of earwigs are known at tlie present time, and 
jis they are xisually much neglected by Insect collectors, it i.s 
certain that this number will be very largely increased, so that 
it wmdd be a moderate estimate to put the number of existing 
species at about 2000 or 3000. None of them attain a very 
large size, Psalis amevicana being one of tlie largest and 
most robust of the family ; a few display brilliant colours, and 
some exhibit a colour ornamentation of the surface ; there are two 
or three species known that display a general resemblance to 
Insects of other Orders. Tlie remarkable earwig represented in 
Fig. 102 (and which appears to be a nondescript fonn — either 
species or variety^— closely allied to P. marmorirti uda) was fouud 
by Baron von Hiigel on the mountains of Java : the femora in 
this Insect have a broad face which is turned upwards instead of 
outwards, the legs taking a peculiar position ; and it is cmdoua 
that this exposetl surface is ornamented with a pattern. The 
feature that most attracts attention on inspecting a collection of 
earwigs is, however, the forceps, and this is the most marked 
collective character of the group. These curious organs exhibit 
a very great variety ; in some cases they are us long as the whole 
of the rest of the body, iu others they are provided with tynes ; 
sometimes they are quite asymmetrical, as in Anisolahis tasmaniva 
(Fig. 113); iu Opisthocosmia cervipyga, and many others they 
are curiously distorted in a variety of waya The classification 
of the earwigs is still in a rudimentary state ; the nimiber of 
joints in the antennae, the form of the feet, and (in the terres- 
tnal forms) the shrpe of the rudimentary wing-cases and wings 
being the characters that have been made most use of by syste- 
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luatists ; no arrangement into sub-familiea or groups of greater 
importance than genera is adopted. 

Tlie only particulars we have as to the embryological develop- 
ment of the earwig are due to Hej-mona* The forceps spring 

from the eleventh abdominal segment, and 
represent the cerci of other Orthoptera. An 
®og“tooth is found to be present on the 
head for piercing the egg-shell. The embiy’o 
reverses its curved position during the de- 
velopment, as other Orthoptera have been 
observed to do, but in a somewhat different 
manner, analogous to that of the Myriapods. 

Several fossil Forficulidae are known ; 
specimens belonging to a peculiar genus 
liave been described from the Lower Lias of 
Aargau and from the Jurassic strata in 
manica <j . Eastern Siberia, but 

ently are not in a very satisfactory state of 
preservation. In the Tertiaiy formations earwigs have been 
found more frequently. Scudder has described eleven species of 
one peculiar genus from the Lower Miocene beds at Florissant in 
Colorado ; some of these specimens have been found with the 
wings expanded, and no doubt that they were fully developetl 
Forficulidae can exist. The fossil species of earwigs as yet known 
do not display so remarkable a development of the forceps as 
existing forms do. 

Brauer and others treat the Forficulidae as a separate Order 
of Insects — Dermaptera — but the only structural characters 
that can be pointed out as special to the group are the peculiar 
form of the tegmina and hind wings — which latter, as we have 
said on p. 206 , are considered by some to be formed on essentially 
the same plan as those of other Orthoptera — the imbrication of 
the segments, and the forceps terminating the body. The develop- 
ment, so far as it is known, is that of the normal Orthoptera 
Thus the Forficulidae are a very distinct division of Orthoptera, 
the characters that separate them being comparatively slight, 
though there are no intermediate forms. Some of those who treat 
the Derma^^'jra as a sub-Order equivalent to the rest of the 
divisions of the Order, call the latter combination Euorthoptera 


the examples appar- 



* SR Oes. natuff. Ft. Berlin, 1893, p. 127. 
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Fam. n. Hemimeridae. 

AptcToxis, hlind Insects loith exserted head, having a constricted 
neelc, mouth placed quite ivferiorly ; the 
thoracic sterna large, imbricate. Sind 
body elongate, the segments imbricate, the 
dorsal plates being large and overlapping 
the ventral ; the number of visible seg- 
ments being different according to sex: 
a pair of long unsegmented cerci at the 
extremity. Coxae small, widely separ- 
ated. Development intro-uterine. 

In describing the labium of Mandibulata. 
p. 97, we alluded to the genus Htmimerus as 
reputed to possess a most peculiar mouth. 

When our remarks were made little was 
known about this Insect ; but a very valuable 
paper ^ by Dr. H. J. Hansen on it has since 
appeared, correcting some errors and supply- 
ing us with information on numerous points. 

de Saussure described the Insect as possess- 
ing two lower lips, each bearing articulated AaMcni, femnie. Africa, 

palpi, and he therefore proposed to treat Hansen.) 

Hemimerus as the representative of a distinct Order of Insects, 
to be called Diploglossata. It now appears that the talented 

Fia. 116a— Undtr of head and 
front of proiborax of Semimerw. 

base of antenna ; 6, articnlation 
of antenna ; labnim ; man- 
dible ; e, eondyle of mandible ; 
articoiar membrane of mandible ; 

stipes of maxilla ; exterior 
lobe ; ly palpus of maxilla ; ky sub* 
mentum ; mentum ; terminal 
lobe of labium ; n, labial palp ; o, 
plate between sabmentum and ster- 
num ; py prostemum ; qy cerrical 
eclerites. (Aiter Hansen.} 

Swiss entomologist was in this case deceived by a bad prepara- 
tion, and that the mouth shows but little departure from the 
ordinary mandibulate type. There is a large indexed labrum ; 

> Sni, Tidakr. 1894, p. 65. 
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the mandibles are concealed hy the maxillae, but are large, com- 
pressed. and on their inner edge toothed. The maxillae are well 
developed, are surmounted by two lobes and bear five-jointed palpi. 

The ligula appears to be broad and 
short, and formed of two parts longi- 
tudinally divided; the short palpi 
consist of three segments. The men- 
tum is very large. The lingua is 
present in the form of a free pubescent 
lobe with a smaller lobe on each 
side. The structure of the pleura is 
not fully understood; that of the 
abdomen seems to be very like the 
earwigs, with a similar difference in 
the sexes. The cerci are something 
^ like those of Gryllidae, being long, 

Fro. ue.-Fo^of ffemirn^. flexible, and unsegmented. The legs 

(AfUr Hanaeo.) a, Antenna;*, have rather small coxae, and three- 
organ from the neck : €, cerci a. • a. i«i- 

membrane (least skiLe). 'jointed tarsi, two of which are 

densely studded with fine hairs 
beneath, as in C leoptera. It is difficult to detect the stigmata, 
but Dr. Hansen t>elieves there are ten pairs. 

The species described by Dr. Hansen as M. talpoides is prob- 
ably distinct from that of Walker, though both come from 
equatorial West Africa. Dr. 

Hansen’s species, which may 
be called S'. haTiseni, has 
been found living on the 
body of a large rat, Crice- 
toviys gambianus ; the In- 
sect occurred on a few speci- 
mens only of the mammal, 
but when found was present 
in considerable numbers ; it 
runs with rapidity among 
the hairs and apparently 
also springs. The nature of 
its food is by no means clear. 

Not the least remarkable fact in connexion with this peculiar 
Insect is its gestation. The young aie borne inside the mother. 
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apparently about six at a time, the larger one being of course 
the nearest to the orifice. Dr. Hansen thinks the yoimg 
specimens are connected with the walls of the maternal passages 
by means of a process from the neck of each. But the details of 
this and other points are insufficiently ascertained ; it is, indeed, 
difficult to xmderstand how, with a process of the kind of which 
a fragment is shown in Fig. 116, h, the Insect could fix itself 
after a detachment for change of position. The young is said 
to be very like the adult, but with a simpler structure of the 
antennae and abdomen. On the whole, it appears probable that 
MtmivieTXLs is, as stated by Dr. Hansen, a special family of 
Orthoptera allied to Forficulidae ; further information both as to 
structure and development are, however, required, as the material 
at the disposition of the Swedish entomologist was very small. 



CHAPTER IX 


ORTHOPTERA COyrryU£D BLATTIDAE, COCKROACHES 

Fam. m. Blattidae — Cockroaches. 

Orthoptera with the head dejlexed, in repose concealed from above, 
being flexed on to the under-surf axe with the anterior part 
directed hachxoards. All the coxae large, free, entirely cover- 
ing the sternal surfaces of the three thoracic segments, as well 
as the base of the abdomen. The sternal sclerites of the 
thoracic segments little developed, being weak and consisting 
of pieces that do not form a continuous exo-skeleton ; tegmina 
and wings extremely variable, sometimes entirely absent. 
'The wings possess a definite anal region capable of fan-like 
folding ; rarely the wing is also transversely folded. The 
three pairs of legs differ but little from one another. 



FlO. 118. — JTeterogamin 


atgyptuua. 
B, femiile. 
BroDDer.) 



male ; 
(After 


The Blattidae, or cockroaches, are an extensive family of 
Insects, very much neglected by collectors, and known to the 
ordinary observer chiefly from the fact that a few species have 
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become naturalised in various parts of the world in the houses of 
man. One such species is abundant in Britain, and is tlie 
“ black beetle ” of popular language ; the use of the word beetle 
in connexion with cockroaches is, however, entomologically iii- 
coirect. One or two members of the family are also well known, 
owing to their being used as the “ corpora vilia ” for students 
commencing anatomical investigation of the Arthropoda : for this 
purpose they are recommended by their comparatively large size 
and the ease with which an abundant supply of specimens may 
always be procured, but it must be admitted that in some respects 
they give but a poor idea of Insect-structure, and that to some 
persons they are very repulsive. 

The inflexed position of the head is one of the most character- 
istic features of the Blattidae; in activity it is partially released 
from this posture, but the mouth does not appear to be capable 
of the full extension forwards that 
is found in other Insects that inflex 
the head in repose. The labium 
is deeply divided, the lingua forms 
a large lobe reposing on the cleft. 

The maxillary palpi have two basal 
short joints, and three longer 
joints beyond these ; the labial 
palps consist of three joints of 
moderate length. The under- 
surface of the head is formed in 
large part by the submentuui, 
which extends back to the occipital 
foramen. 

The front of the head is the 
aspect that in repose looks directly 
downwards ; the larger part of it 
is formed by the clypeus, which is 
separated from the epicranium 
by a very fine suture angulate 
in the middle ; there is a large 
side ; near to the eye a circular space serves for the inser- 
tion of the antenna ; close to this and to the eye there 
IS a peculiar small area of paler colour, frequently membranous, 
called the fenestra, and which in the males of Corydia and 



Flo. 119. — Uoder-surfac© of /^m« 
ausiralasiat, Cf Coxm. 


many-facetted eye on each 


222 


ORTIIOPTERA 


CHAP. 


Heterogamia is replaced by an ocellus. The antennae are very 
elongate and consist of a large number of minute rings or joints, 
frequently about 100. The head is not inserted directly in the 
thorax, as is the case in so many Insects ; but the front of the 
thorax has a very large opening, thus the neck between it and 
the head is of more than usual importance ; it includes six 
cervical sclerites. 

The pronotum is more or less like a shield in form, and 
frequently entirely conceals the head, and thus looks like the 

most anterior part of the body ; usually 
it has no marked angles, but in some of 
the apterous forms the hind angles are 
sharp and project backwards. In contrast 
to the pronotum the prosternum is small 
and feeble, and consists of a slender lateral 
strip on each side, the two converging 
behind to unite with a median piece, the 
prosternum proper. None of these pieces 
of the ventral aspect of the prothorax are 
ordinarily visible, the side-pieces being 
covered by the indexed head, and the 
median piece by the great coxae. In 
some of the winged Blattidae {Bldbera, e.g.) 
Fro. 120 .— Base of front leg there is at the base of each anterior coxa 

of Biabera gigantta, a. a Small fipace covered by a more delicate 
Under-side of pronotum ; membrane, that suggests the possibility 

epimeron!;<f,epi3temum!; of the existence of a sensory organ tnere 

e, irochantin; /, coxe; /pig 120, t).* At the base of — above 
g, trochanter 5 h, base ^ ® • . • ' , « . » 

femur; t, preaumed aense and behind^— the front coxa the pro- 

thoracic spiracle is situate. 

The meso- and meta-thoracic segments differ but slightly from 
one another ; the notal or dorsal pieces are moderately large, 
while the sternal or ventral are remarkably rudimentary, and are 
frequently divided on the middle line. Connected with the 
posterior part of each sternum there is a piece, bent upwards, 
called by some anatomists the furca ; when the sterna are 
divided the furca may extend forwards between them ; in other 

’ This ciiigmatic structure is similar in position to the aural orifice of Locustidae 
(see Fig. 101); but it is closed by a transparent membrane, whereas the ear orifice 
of Locustidae is, as we shall subsequently ace, quite open. 
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cases it is so obscure externally as to leave its existence in some 
doubt. 

The sterna in Blattidae are remarkable for their rudimentary 
structure. This is probably correlated with the great develop- 
ment of the coxae, which serve as shields to the lower part 
of the body. The pieces of the sterna are not only small, but 
are also of feeble consistence — semi-membranous, in fact — and 
appear like thicker portions of the more extensive and delicate 
membrane in which they are situate; they sometimes differ 
considerably in the sexes of the same species. The coxae have 
very large bases, and between them and the sterna are .some 
pieces that are grooved and plicate, so that it is not easy to 
decide as to their distinctions and homology (Fig. 120). The 
second breathing orifice is a slit placed in a horny area in the 
membrane between the middle and bind coxae. 

The legs are remarkable for the large and numerous spines 
borne by the tibiae, and frequently also by the femora ; 
the trochanters are distinct and of . moderate 8 i 2 e ; the 
tarsi are five -jointed, frequently the basal foxir joints are 
furnished with a pad beneath ; the fifth joint is elongate, 
bears two claws, and frequently between these a pro- 
jecting lobe or arolium ; this process scarcely exists in the 
young of Stilopyga orurUalis, the common cockroach, though 
it is well developed in the adult. The hind body or abdomen 
is always large, and its division into rings is very visible, but the 
exact number of these that can be seen varies according to age, 
sex, species, and to whether the dorsal or ventral surface be 
examined. The differences are chiefly due to the retraction and 
inflexion of the apical segments ; the details of the form of these 
parts differ in nearly every species. It is, however, considered 
that ten dorsal and ventral plates exist, though the latter are 
not so easily demonstrated as the former. The basal segment is 
often much diminished, the first dorsal plate being closely con- 
nected with the metauotum, while the first ventral may be still 
more rudimentary ; much variety exists on this point. In the 
female two of the ventral terminal plates are frequently inflexed, 
so as to be quite invisible without dissection. From the sides of 
the tenth segment spring the cerci, flat or compressed processes 
very various in size, length, and form, usually more or less 
distinctlyjointed. Systematiats call the seventh ventral plate of the 
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female the “ lamina subgenitalis,” or the “ lamina subgenitalis 
spuria,” the concealed eighth plate being in this latter case con- 
sidered the true subgenital .plate. In the male this term is 
applied to the ventral plate of the ninth segment, the cone- 
sponding dorsal plate being called the “lamina supra-analis.” 
These terms are much used in the systematic definitions of the 
genera and larger groups. 

The males, in addition to the cerci alluded to as common to 
both sexes, are provided on the hind margin of the lamina 
subgenitalis with a pair of slender styles. These are wanting 
in the females, but in the common cockroach the young in- 
dividuals of that sex are provided, like the male, with these 
peculiar organs. M. Peytoureau has described * the mode of 
their disappearance, \'iz. by a series of changes at the ecdyses. 
Cholodkovsky, who has examined the styles, considers them 
to be embryologically the homologues of true legs.* These 

in some species — 
Ectohia, Pariesthia, etc.; this probably refers only to the adults. 
In some cases a curious condition occurs, inasmuch as one of 


styles are said not to be present in any shape 


the two styles is absent, and is replaced by a notch on the 
right side, thus causing an asymmetry — Phyllodromia, Temnop- 
teryx, etc. 

It has been found in several species that there are eight pairs 
of abdominal spiracles, making, with the two thoracic, ten pairs 
in all. The first of the abdominal spiracles is larger than the 
others, and in the winged species may be easily detected by 
luising the tegmina and wings, it being more dorsal in pnisition 
than those following, which are in some species exposed on the 
ventral surface owing to the cutting away of the hind angles of 
the ventral plates ; but the terminal spiracles are in all cases diffi- 
cult to detect, and it is possible that the number may not be the 
same in all the species of the family. The cerci exhibit a great 
deal of variety. In the species with elongate tegmina and win^ 
the cerci are elongate, and are like antennae in structure ; in 
many of the purely apterous forms the cerci appear to be entirely 
absent (cf. Fig. 130, Gromphadorhina), but on examination may 
be found to exist in the form of a small plate, or papilla scarcely 
protuberant. In the males of Heterogamia they are, on the 


» Rev. hiol. Nord France, tH. 1894, p. 111. 

’ Ann. Nat. Hiet. Deer. 6tl», eer. x. 1892. p. 433. 
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contrary, verj* like .little antennae; in the nnwinged females of 
this genus they are concealed in a chink existing on the under- 
surface of the apex of the body. 

The alar organs of Blattidae are of considerable interest from 
several points of view. They exist in various conditions as 
regards size and development, and in some forms are very large ; 
each tegmen in some species of the genus Blahera (Fig. 132) may 
attain a length of nearly three inches ; in other cases wings and 
tegmina are entirely absent, and various intermediate conditions 
are found. In Fig. 121 we give a diagram of the tegmen or front 
wing, A, and the hind wing, B, to explain the principal nervures 
and areas. The former are four in number, and, adopting 
Brimner’s nomenclature * for 
them, are named proceeding 
from before backwards medi- 
astinal, «; radial, h; infra- 
median (or ulnar), c ; and 

dividens, d. An adventitious 

vein, vena spuria, existing in 
the hind \ving8 of certain genera 
is marked ^ in B. 

The vena dividens is of 

great importance, as it marks 
off the anal or axillary field, 
which in both tegmen and 
wing has a different ^atem of 
minor veins from what obtains 

inther^tofthe organ; the veins Pia. 121. —Diagram of tegmen. A, end 
' * in Blattidae. Nemrea : a, medi- 

astinal I b, radial ; e, ulnar or iufra- 
mediao ; Uindena ; spuria. Areas : 

mediastinal or marginal ; 2» scapular 
or radial ; mediau ; 4$ anal or axillary. 

furcation, though the nervures converge much at the base. The 
mediastinal gives off minor veins towards the front only, the radial 
gives off veinletB at first towards the front, but nearer the tip 
of the wings sends off minor veins both backwards and forwarda 
he infra-median or ulnar vein is very variable ; it is frequently 

1882, p. 27, and Sev. Sysl. OriftopL 1892, p. 16. tJnfortu- 
teing moreriS^ * different nomenclature ; wo have preferred Brunner’s as 

VOL. V 

Q 


being in the anterior regio 
abu ndan tly branchingand dich< 
tomous (Fig. 132). while in tfc 
anal field there is but litt! 
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abbreviated, and on the whole is of subordinate importance to 
the other tliree. These latter thus form four chief areas or fields, 


viz. — 1, mediastinal or marginal; 2, scapular or radial; 3, 
median ; aud 4, anaL These nervures and divisions may be 
traced in a large number of existing and fossil Blattidae, but 
there are forms existing at present which it is diflficult to reduce 
to the same plan. In Euthyrhapha, found in the Pacific Islands, 

the hind wings are long and project 
Ijeyond the tegmina, and have a very 
peculiar arrangement of the ner^mres ; 




Fjc.122. — Uiaphanajieheri. Brazil. 
A. The lusect, nsttiral size ; B, 
tegnieD, aod C, wisgi magnified. 
(A/ter Brunner.) 


the species of Holocampsa also possess 
abnormal alar organs, while the struc- 
ture of these parts in Diaphana (Fig. 
122) is so peculiar that Brunner 
wisely refrains from attempting to 
homologise their nervures with those 
of the more normal Blattidae. The 
alar organs are frequently extremely 
different in the two sexes of the same 
species of Blattidae, and the hind 
wing may differ much from the teg- 
men as regards degree of departure 
from the normaL So that it is not 


a matter for surprise that the nervures in different genera cannot 
be siitisfactorily homologised. 

But the most peculiar wings in the family are the folded 
structures found in some forms of the groups Ectobiides and 
Oxyhaloides [Anaplectinae and Plectopterinae of de Saussure]. 
These have been studied by de Saussure,* and in Fig. 123 \ye 
reproduce some of his sketches, from which it will seen that in 
B and C the wing is divided by an unusual cross-joint into two 
parts, the apical portion being also longitudinally divided into 
two pieces a and h. Such a form of wing as is here shown h^ 
no exact parallel in any of the other groups of Insects, though 
the earwigs and some of the Coleoptera make an approach to it. 
This structure i)ermit8 a very perfect folding of the wing m 
repose. The peculiarities exhibited have been explained by de 
Saussure somewhat as foUows. In the ordinary condition of 
Orthoptera the axillary or anal field (P) when the wings are 


» Ann. Sei. Kat. Zod. ser. 5, x. 1868, p. 161. 
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B 



closed collapses like a fan, and also doubles undei- the anterior 
part (H) of the wing along the line a a, in Fig. 123, A, the result 
being similar to that shown by our Fig. 124. It will be noticed 
in Fig. 123, A, that a small tri- 
angular area (<) exists at the tip 
of the wing just where the fold a 
takes place, so that when the < 
wing is shut this little piece is 
liberated, as shown in t, Fig. 124. 

In many Blattidae, eg. Blahera 
(Fig. 132), no trace of this little 
intercalated piece can be found, 
but in others it exists in various 
degrees of development interme- 
diate between what is shown in 
Thorax porcellana (Fig. 123, A) 
and in Anaplccta azteca (123, B), 
so that a, h of the latter may be 
looked on as a greater develop- 
ment of the condition shown in A 
at t. It will be noticed that the 
superadded part of the wing of 
123, B, possesses no venation, 
being traversed only by the line ^ 

* 4 . r u 1 A ' Pic. 123.— Hiud wioffs of Bl&ttidftc* 
along which It folds; but in Thorax por<AlaTa; B. Ar^piJta 

the wing of Diploplera silpha. • C,'l>ipioptora sUpha. ^Aiur 

10*3 n *.v o- . de Saussure.) 

izA, L/, the corresponding part 

is comple:dy venated. This venation, as Brunner says,' is not 
an extension of the ordinary venation of the wing, but is sui 
i/eneris. It is curious that though aU the degrees of develop- 
ment between A and B exist in various 
forms of the tribes Ectobiides and Oxyha- 
loides. yet there is nothing to connect the 

Flo. 124.— Hind wing of Diploptera with the unveined 

Biaua folded, t, Preo one of Anaplecta. 

internal anatomy of Blattids has 
been investigated in only one or two species. 

-me features of minor 
terest exist. The aUmentary canal (Fig. 125) is remarkable 

* Jfouv. SysL BlaUairta, 1865, p. 265. 
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on account of the capacious crop, and the small gut-like, cliylific 
ventricle ; eight elongate pouches are situate on this latter part 

at its junction with the gizzard. 

The Malpighian tubules are 
very numerous and delicate ; there 
are extensive salivary glands and 
reservoirs ; and on the anterior 
part of the true stomach there are 
eight caecal diverticula. The great 
chain of the nervous system con- 
sists in all of eleven ganglia — two 
cephalic, three thoracic, and six 
abdominal. 

The ovaries in Stilopyga orient- 
alis consist each of eight egg-tubes, 
])laced at the periphery of a common 
receptacle or oviduct, the pair of 
receptacles themselves opening into 
a common chamber — the uterus — 
whicli is surrounded by a much 
branching serific or colleterial gland. 
In this chamber the egg-case is 
formed from the secretion of the 
gland just mentioned. According 
Fic. 125. — Alimentary canal of stilo- to Miall and Denny,^ there is a 

Head ; b, -salivary glands ; c. saliv- spermatheca which opeiis not into 
ary reservoir ; rf, crop ; e, diver- the uteruS but into the cloacal 

chamber behind it. Lowne doubts 
rectnnt ; t, Maipigiiian tubes ; k, this diverticulum being a true 
.xircuit, of Llod bod,-. Bpermatheca. The manner in wliich 

the eggs arc fertilised and their capsule modelled is uncertain." 

The internal reproductive organs of the male are very com- 
plex in titilojyygcL OTientcdis ; each testis consists of a number 
(30 to 40) of vesicles placed on a tube which is prolonged to 
form the vjis deferens. There is a very peculiar large complex 
gland consisting of longer and shorter utricles, opening into the 
vesiculae seminales, and forming a “ mushroom-shaped gland. 



> The Cockroach, p. 170. 

5 Cf. Duchamp, Itev. Hei. Kat. MotUpeUici-, vii. [1 1879], p. 423 
* Huxley, Manual Anal. Invert- Animals, 1877, p. 410. 
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This gland is much larger than the testes proper, which, it is 
said, lose early their functional activity in the species in question, 
and shrivel There is another iiuportant accessory gland, tlie 
conglolmte gland of Miall and Benny, opening on a portion of 
the external copulatory armour. 

Although some sjiecies of Blattidac are domesticated in our 
houses, and their bodies have l)een tlissected hy a genei'atiou of 
anatomists, very little is known as to their life histories. The 
common “ black beetle ” of the kitchen is Siiid by Cornelius to be 
several years in attaining the a<lult state. Observations made at 
Cambridge by the writer, as well as others now being carried on 
there by Mr. H. H. Brindley, quite confirm this view, the extent of 
growth accomplished in several months being surprisingly little, 
and the amount of food consumed very small. It is therefore not 
improbable that the life of an individual of this species may 
extend to five ye.ars. Fhyllodromia gcrmanica, a species that is 
abundant in the dwellings of the peoples of north-eastern Europe, 
attains its full development in the course of a few months. 

We have already alluded to the fact that in the Blattidae the 
eggs are laid in a capsule formed in the interior of the mother- 
insect. This capsule is a horny case varying much in size and 
somewhat less in form in the different species ; it is borne about 
for some time by the mother, who may not 
infrequently be seen running about with it * 
protruding from the hinder part of the body. . 

Sooner or later the capsule is deposited in a ^ MfPffiilll 

suitable situation, and the young cockroaches 

emerge j it is said that they are sometimes ’ ' 

liberated by the aid of the mother. Mr. c |||||||||||p^ 

Brindley has found it very difficult to pro- 

cure the hatchiug of the young from their 

Ca.pSlll6S* tidae. Ectcbialap- 

It ia known that some Blattidae are SS'' 

Viviparous. In the case of one such species, o,Beungamiaatgyp- 
FaTtchloTa viridis, it appears probable that (AfterBrunner.) 

the egg-capsule is either wanting, or is present in only a very 
imperfect form.' 

On emerging the young Blatta is in general form very similar 
to the parent, though usually much paler in colour. After casting 

* RiUy, InaeeiLift, iiL 1891, p. 448, and iv. 1891, p. 119. 


• ~ ••• • 

ildnt. At Ectcbia lap^ 
ponica ; B, PhyUiF^ 
dromxa genTusniea ; 
C» BcUrxfgamia atgyp- 
txaca. (AfterBrunner.) 
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the skin an uncertain number of times — not less than five, 
probably as many as seven — it reaches the adult condition, the 
changes of outer form that it undergoes being of a gradual nature, 
except that at the htst ecdysis the wings — in the case of the 
winged species — make their appearance, and the terminal 
segments of the body undergo a greater change of form. What 
mutations of shape may be xindergone by the thoracic segments 
previous to the final production of the wings has not apparently 
been accurately recorded, Fischer’s opinion being evidently based 
on very slight observation. The little that has been recorded as 
to the post-embryonic development since the observations of 
Hummel * and Cornelius ^ will be found in the works of Brunner.’ 
According to this latter authority, in the wingless species the 
terminal segments of the body have the same form in the eiirly 
stages as they have in the adult state, so that this latter condition 
can only be recognised by the greater hardness of the integument. 
When tegmina or wings are present in a well-developed form in 
a Blattid, it is certain that the Insect is adult ; and when there 
can be seen at the side of the mesonotum or metanotum a piece, 
however small, separated by a distinct suture, it may be correctly 
assumed that the individual is an adult of a species having only 
rudimentary alar organs. The adult female of the common 
Stilopyga oT^entalis shows this phenomenon. 

The cockroaches are remarkable for the excessive rapidity 
with which they run, or rather scurry, their gait being very 
j)eculiar. The common domestic forms, when alarmed, disappear 
with great agility, seeking obscure comers in which to hide 
themselves, it being part of their instinct to flee from light. 
Hence they are called lucifugous, and are most of them entirely 
nocturnal in their activities. In the South of Europe and other 
warmer regions many Blattidae may, however, be found on bushes 
and foliage in the daytime ; these, when alarmed, fall down and 
run off with such speed and in so tortuous a manner, that it 
is a very difficult matter to seize them. It is recorded that the 
males of the genus Stterogci'mia are attracted by lights, though 
their apterous females keep themselves concealed imderground in 
sandy places. 

* Eaaaia eniomologiqucK, St. Petersburg, 18*21. 

9 BtUrdge tur nHheren Kennlniaa von Periplantia orienialia, ElberfeZd, 

9 Nouv. Sytt. Blattaircs, 1866, p. 10, etc. 
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We may take this opportunity of alluding to the attraction 
that light exerts on Insects. Many species that conceal ♦heiu- 
selves during the daytime and shun light as if it were dis- 
agreeable, are at night-time so fascinated by it that it is the 
cause of their destruction. The quantity of Insects killed in this 
way by electric and other bright lights is now enormous ; in 
many species the individuals immolate themselves by myriads. 
It would appear that only nocturnal and winged species are so 
attiacted. So fur as we know, light has no fascination for Insects 
except when they are on the wing. The phenomenon is not 
understood at present. 

The food of Slattidae is believed to be of a very mixed 
character, though Brunner considers that dead animal matter is 
the natural nutriment of the members of this family. It is well 
known that the common cockroach eats a variety of j>eculiar 
substances ; its individuals undoubtedly have the soinewliat too 
economical liabit of eating their own cast skins and empty egg- 
capsules, but in this they only act like many other much admired 
Insects. S. orientalis is gregarious, and the individuals are 
very amicable with one another ; small specimens sit on, or run 
oyer the big individuals, and even nestle under them without their 
displaying the least resentment. The common cockroach is a 
rather amusing pet, as the creatures occasionally assume most 
comical attitudes, especially when cleaning their limbs ; this they 
do somewhat after the fashion of cats, extending the head as far 
as they can in the desired direction, and then passing a leg or 
antenna through the mouth ; or they comb other parts of'^he 
body with the spines on the legs, sometimes twisting and distort- 
ing themselves considerably in order to reach some not vera- 
accessible part of the body. 

There is very little information extant as to the domestic 
Blattidae found in parts of the world outside Europe, but it seems 
that there are numerous species that prefer the dwellings of man, 
even though they only tolerate the owners. Belt says* “the 
cockroaches that infest the houses of the tropics are very wary, 
as they have numerous enemies — birds, rats, scorpions, and 
spiders; them long trembling antenna are ever stretched out, 
vibrating as if feeling the very texture of the air around them • 
and their long legs quickly take them out of danger. Sometimes 

^ Natxiraiiat t»» Nicaragua, 1874, p. 110. 
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I tried to chase one of them up to a corner where on a wall 
a large cockroach-eating spider stood motionless looking out for 
his prey ; the cockroach would rush away from me in the 
greatest fear, but as soon as it came within a foot of its mortal 
foe nothing would force it onwards, but back it would double, 
facing all the danger from me rather than advance nearer to its 
natural enemy.” To this we may add that cockroaches are the 
natural prey of the fossorial Hymenoptera of the group Ampuli- 



Fig. 127 . — Xocticola timemi. A, male ; Aj, tegmeu aud rudiment of wing; A^, front 
of head ; B. female. The cerei are broken, in B the right one w restored in out- 
line. (After Bolivar.) 


cides, and tliat these wasps sometimes enter houses in search of 
the Insects. 

We have already noticed the considerable difference that 
exists in many cases between the sexes of the same species. 
This is sometimes carried to such an extent that nothing but 
direct observation could make us believe that the males and 
females are of one kin. Fig. 118 (p. 220) shows a case of this 
kind. Though the yoimg as a rule are excessively similar to the 
adults, yet tliis is by no means invariably the case. In some 
of the more amply .winged forms, such as Blahtra, the young is 
about as different from the adult as the female of ffeterogamia 
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is from its male. In Blattidae it is always the case — so far as 
is yet known — that when there is a difference us regards the 
alar organs between the two sexes, it is the male that has these 
structui'es most developed, and this even when they can be of 
little or no use for purposes of flight. 

Among the most interesting forms of the family are the two 
species of the genus I^octkola, recently discovered by il. Simon 
in caves in the Philippine Islands.^ They are amongst the 
smallest of the Orthoptera, the male being scarcely ^ o', an 
inch long. In the larval state of A”, simoni the ocular organs 
exist as three ocelli, or facets, on each side of the head, and in 
the perfect state the number is increased somewhat, as shown in 
Fig. 127 , Aj. In the second species of the genus the female is 
quite blind (the male being still undiscovered). The fenestra 
in Xocticola are absent ; the tegmina and wings are totally 
wanting in the female (Fig. 127, B). but are present in a very 
|)eculiar condition in the male (Fig. 127, Aj). There are other 
anomalies in the structure of these cavernicolous Insects, the 
cerci being apparently of peculiar structure, and the spines of 
the legs more hair-like than usual. 

The condition of the eyes is remark- 
able ; the peculiarity in their de- 
velopment is worthy of study. 

To those who are acquainted 
with Blattidae only through our 
domestic “ black beetle ” it may seem 
absurd to talk of elegance in con- 
nexion with cockroaches. Yet there 
are numerous forms in which grace 
and beauty are attained, and some 
exhibit peculiarities of ornamenta- 
tion that are worthy of attention. 

Corydia petiveriana (Fig. 128) is a 
common cockroach in East India. It B 



has an effective system of coloration, 
the under >vings and the sides of 


Fio. 128,— Corydia peltrmana, with 
UgmiuA extended, A ; closed, B. 


the body being vividly coloured with orange yellow ; when the 
tegmina are closed the upper surface of the body is of a velvet- 
black colour, with cream-colotired marks these spots are different 


* See Boliv&r, Ann. Soe. eni. France, 1892, p. 29. 
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tlV h i" rig. 128, A. but ure so arranged 

that when the tegmiaa are closed (Fig. 128. B) a symn.etrfcal 

pattern is produced by the combination of the marks of the two 
differently spotted tegmina. It is veiy curious to notice the 
great difference in the colour of the part of the right tegnieii 
that IS overlapped by the edge of the left one ; this part of the 
tegmen being coloured orange yellow in harmony with the wings. 
The result of the remarkable differentiation of the colours of the 
two tegmina may be su^arised by saying that on the right 
one the colour of a part is abruptly contrasted with that of the 
rest of the organ, so as to share the system of coloration of the 
under-wings and body, while the corresponding part of the other 
tegmen is very different, and completes the system of symmetrical 
ornamentation of the upper surface. 

Many other members of the Blattidae have an elegant 
appearance, and depart more or less from their fellows in 
structural cliaracters. with the result of adding to their graceful 

appearance ; in such cases, so far as at present 
known, these Insects are brightly coloured. 
Thus Hypncrna amoena (Fig. 129) has the 
antennae banded in white, black, and red, 
while the overlapping part of the tegmina is 
arranged so as to bring the line of junction 
between them nearly straight along the middle 
line of the body, and thus produce a more 
s>'mmetrical appearance than we find in other 
Fio. 129. — Hypnomtt cockroaches. The head in this Insect is not 

Ameri^ Tri^^Oxy- Concealed as usual, and this imdoubtedly 
haioides. (After de adds somewhat to the effective appearance of 
Saussure.) this cockroach. This visibility of the front of 

the head in Hypnoma is not, as would be supposed, owing to 
its being less indexed than usual On the contraiy, the head is 
quite as strongly indexed as it is in other Blattidae, but the 
part just at the front of the thorax is unusually elongate, so 
that the eyes are exposed and the Insect has a larger field of 
vision. This interesting Insect belongs to the tribe Oxyhaloides 
[Plectopterinae Sauss.], in which group the most highly developed 
folded wings occur. 

The wingless forms never exhibit the grace and elegance 
jKissessed by some of the more active of the winged Blattidae. 
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One of them, Gromphadorhina portentosa, found in Madagascar 


(Fig. 130), is a very robust 
Insect, and attains a length 
of 78 milliin. — somewhat 
more than 3 indies. This 
Insect has projections on the 
thorax that remind us of the 



liorns that exist in some 
the Lamellicorn beetles. 


Qf Fio. 130. — Gr 0 inphadoTh\na poTitniosa^ x 
Tribe P«mpba«rUdes. (After Bninuer.) 


Little has been yet written as to the resemblances of Blattidae 
to otlier species of their own family, or to other creatures, but it 
is probable that such similarities will be found to prevail to a 
considerable extent. W. A. Forbes has called attention * to the 
larva of a Blattid from Brazil as being remarkable for its super- 
ficial resemblance to an Isopod crustacean. Some of the wingless 
forms have a great resemblance to the small rolling-up Myriapods 

of the group Glomerides ; Pse'udoglomeris 
/ornicatay of which we figure the female 
(Fig. 131), has received its name from 

The females of the S. 
ftioua^ 5 . Burma. Tribe African gCHUS Derocolynujia possess this 

Glomerid appearance, and have a peculiar 
structure of the prothorax, admitting of a 
more complete protection of the head. Brunner states that the 
wingless kinds of Berocalymma roll themselves up like wood-lice. 
In many of the forms of this tribe — Perisphaeriides — the males 
are winged, though the females are so like Myriapods. Accord- 
ing to de Saussure * the gigantic MegaloUatta rufipes bears an 

extreme resemblance in appearance to the large cockroaches of 
the genus Bldbera. 

Some of the species of Holocompsa remind us strongly of 

Hemiptera of the family Capsidae; they have an arrangement 

of colours similar to what prevails in that group, and their 

te^uina and wings which, as being those of Blattids may be 

Mid to be abnormally formed, resemble in texture and the 

distribution of the venation those of the Hemiptera. These Insects 

are cl^ly allied to Diaphana, of which genus we have fi<mred 
a species (Fig. 122). ® 



* A enL Soe. Lovdon, 1881, p. 1 . 

* Biol. CVrUr. Amer. OrOiopt. 1893, p. 57 . 
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of Hp evidence on which to base an estimate 

nL! ^ P T m T""' Blattidae existing in the world at 
to 1 non “umber extant in collebtions may amount 

to 1000 or thereabouts, and the total existing in tlie world may 

)e as many as oOOO. The species of Blattidae cannot tolerate 
cold, and are consequently only numerous in tropical regiona 
i^urope possesses about twenty species, and in Britain there are only 
three that are truly native; these are all small Insects belonging 
to tlie genus iWobia, and living out of doors, amongst leaves, 
under buslies, and in various other places. We have, however’ 
.several other species that liave been introduced by the agency of 
man, and these all live under cover, where there is artificial warmth 
and they are protected from tlie inclemencies of the winter season. 
TJie commonest of these forms is StUopyga orientalis, the “ black 
beetle ” of our kitchens and bakehouses. This Insect is said to 
liave been brought to Kurope from “Asia” about 200 years ago. 
but the evidence as to its introduction, and as to the country 'of 
wliich it is really a native, is very slight. It is indeed said » that 
•S', orientalis has been found in peat in Schleswig-Holstein. Peri- 
plnnHa americarw. is a larger Insect, and is common in some 
places; it is apparently the species that is most usually found 
<m board sliips, where it sometimes multiplies enormously, and 
entirely devours stores of farinaceous food to which it obtains 
access: it is known that sometimes a box or barrel supposed to 
contain biscuits, on being opened is found to have its edible con- 
tents entirely replaced by a mass of living cockroaches. Fortu- 
nately Periplaneta americana has not spread widelyin this country, 
tliough it is fouml in great numbers in limited localities; one of the 
be.st known of wliich is the Zoological Gardens in the Regent’s 
I’ark at London. Periplaneta australasiae is very similar to P. 
americana, but lias a yellow mark on the shoulder of each tegmen. 
Tliis has obtained a footing in some of the glass-houses in the 
Botanic Gardens at Cambridge and Kew; and it is said to be fairly 
well established in Belfast. Another of our introduced domestic 
cockroaches is Phyllodromia germanica, a much smaller Insect 
than the others we liave mentioned. It has only established 
itself at a few places in this country, but it is extremely abundant 
in some parts of Northern and Eastern Burope. It has been in- 
creasing in numbers in Vienna, where, according to Brunner, it is 

^ ScIidfTi Zool^ Aiiz» xvi. 1893, p. 17. 



COCKROACHES 


237 


fX 



Fig. 132. — Alar organs of Btnhera sp. 
A» Ugiueii ; B» wiug. 


displacing StiIo2>yga orie.ntalis. In addition to these, Bhyparobia 
viaderae and species of the genus 
Blahera have been met with in 
our docks, and are possibly always 
to be found there. Theyare Insects 
of much larger size than those 
we have mentioned. We figure 
the alar organs of one of these 
species of Blahera of the natural B 
size : the species in this genus 
ai'e extremely similar to one an- 
other. Blaberae are known in 
the West Indies as drummers, it 
being supposed that they make a 
noise at night, ^ but details in con- 
firmation of this statement are wanting. 

It is a remarkable fact that no satisfactory reasons can be 
assigned for the prevalence of one rather tlian another of these 
domestic cockroaches in particular localities. It does not seem 
to depend at all on size, or on the i>eriod of development, for 
tlie three species StUo2yyga orienlalis, Bcriplaneta amcricanu, ami 
PhyUodromui gcrmanica, which are the most abundant, difter 
mucli in these respects, and replace one another in particular 
localities, so that it dues nut apjiear that any one is giiining a 
permanent or widespread superiority as compared with another. 
There are, however, no suflicient records on these points, and 
further investigation may reveal facts of which we are at present 
ignorant, and wliich will throw some light on this subject. We 
may remark that Mr. Brindley lias found it more ditlicult to 
obtain hatching of the young from the egg-capsules of Pcriiihmeta 
nmericana and Phyllodromia germanicn at Cambridge, than from 
those of StUvpyga orientalis. 

Although much work has been done on tlie embryology of 
Blattidae, the subject is still very incomplete. The recent memoirs 
of Cholodkovsky ■ on PhyUodrumia gcrmanica coutaiu so much of 
general interest as to the development of the external parts of the 
body that we may briefly allude to them. The earliest appearance 
of segmentation appears to be due to the centi-alisatiou of numerous 

* AVcstwood, Modem Class, hiseets, i. 1S3&, p. 418. 

* Zeitsehr. wiss. Zool. xlviii. 1889, p. 89; asd J/irnt. .ao St. PeUrsb. xxxviii. Xu. j, 1891. 
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cells rouml certain points m the ventral plate. The segmentation 
of the anterior parts is first distinct, and the appearance of the 
appendays of the body takes place in regular order from before 
backwards, the antennae appearing first ; the mandibles, however 
become distinct only subsequent to the maxillae and thoracic 
appendages. There are in the course of the development aprnml- 
ages to each segment of the body (he counts eleven abdominal 
segments) ; the cerci develop in a similar manner to the anten- • 
nae ; the first pair of abdominal appendages — at first similar to 
the others — afterwards assume a peciUiar stalked form. The 
abdominal appendages subsequently disappear, with the exception 
of the ninth pair, which form the ventral styles, and the 
eleventh pair, which become the cerci. The last ventral segment 
IS said to be formed by the union of the tenth and eleventli 
embryonic ventral segments. 

As regards their Palaeontological forms Blattidae are amongst 
the most interesting of Insects, for it is certain that in the 
Carboniferous epoch they existed in considerable number and 
variety. A still earlier fossil has been found in the Silurian 

sandstone of Calvados ; it con- 
sists of a fragment (Fig. 133, 
A), looking somewhat like an 
imperfect tegmen of a Blattid ; 
it was described by Brongniart 
under the name of PalatoUat- 
tina douvillei, and referred by 
him, with some doubt, to this 
family. Brauer has, however, 
expressed the opinion ^ that 
the fragment more probably 
Fio. 133. — A, Tegmen (?) of p<i^aA>Ma/n'rui belonged to an Insect like the 

douvUUi; B, of Et'>Nattina manebach- mnle-rricket. and in xhaw nf 
(After Bniuer end Scudder.) moie-criCKec, aUQ m NUeW 01 

this discrepancy of authorities 
we may be pardoned for expressing our own opinion to the effect 
that the relic has no connexion with the Insecta. The figure 
given by Scudder * has not, however, so uninsect-like an appear- 
ance as that we have copied from Brauer. Whatever may prove 
to be the case with regard to Palaeohlattina, it is certain, as we 

r 

* Ann, Wien,^ L 1886, p. 104, 

’ ZitUl, Handh, Pala€ont, I Abtb, ii, 1885^ p, 753, 
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have already said, that in the Palaeozoic epoch Insects similar to 
our existing cockroaches were abundant, their remains being 
found in plenty in tlie coal-measures both of Europe and North 
America. Fig. 133, B, shows a fossil tegmen of Etohlattina 
inaruhMhensis from the upper Carboniferous betls of Ilinenau 
in Germany. It will Ije noticed that the disposition of the 
nervmes is very much like that which may be seen in some 
of our existing Blattidae (cf. the tegmen of Blahera, Fig. 
132, A), the vena dividens (a) l)eing similarly placed, as is 
also the mediastinal vein on the front parb of the organ. 
Tlie numerous carboniferous Blattidae have been separated as a 
distinct Order of Insects by Scudder imder the name Palaeo- 
blattariae, but apparently rather on theoretical grounds than 
I'ecause of any ascertained important structural distinctions. He 
also divided the Palaeoblattariae into two groups, Mylacridae and 
Blattinariae, the former of which was supposed to be peculiar 
to America. Brongniart has, however, recently discovered that 
in the Carboniferous deposits of Commentry in France Mylacridae 
are as common as in America. This latter authority also states 
tliat some of the females of these fossil Blattidae are distinguished 
by the presence of an elongate exserted organ at the end of the 
body. He considers this to have been an ovi- 
positor by which the eggs were deposited in 
trees or other receptacles, after a manner that 
is common in certain Orthoptera at the present 
day. If this view be correct these Carbon- 
iferous Insects must have been very different 
from the Blattidae of our own epoch, one of 
whose marked characteristics is the deposition 
of the eggs in a capsule formed in the body of 
the parent. 

In the strata of the secondary epoch re- 
mains of Blattidae have also been discovered 
in both Europe and America, in Oolitic, Liassic, 
and Triassic deposits. From the Tertiary 
strata, on the other hand, comparatively few ^ , 

yecies have been brought to light. A few of PeripUneu 
have been discovered preserved in amber. custraUui<u, 

l Blattidae is attended with considerable 

itnculty on account of the numerous wingless forms, and of the 
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extreme difference in the organisation of the two sexes of many 
species. It has, however, been brought to a fairly satisfactory 
state by the reiterated labours of Brunner von Wattenwyl and 
we reproduce his recently perfected exposition of their characters. 
His first division is made by means of a structure which is very 
easily observed, viz. whether the femora are armed with spines, 
as in lig. 134, or not. The terms used in connexion with the 
wings and other parts of the body we have already explained. 

Brunner s system is adopted by de Saussure,^ who, however, 
proposes to replace the names Ectobiides and Oxyhaloides by 
Anaplectinae and Plectopterinae. He also proposes to apply the 
generic name Blatta to the Insect that is now so frequently called 
Phyllodromia germanica in zoological works. If that view be 
adopted, Brunner’s group Phyllodromiides will be called Blattides. 

Table of the tribes of Blattidae, after Brunner : — 

1. Femom spiny beneAtlu^ 

2. The ]a6t ventral plate of the female large, without valves. 

3. Supra-anal lamina of both male and female transverse, narrow. 
Winys, when present, furnished with a triangular apical field. 
Posterior femora unarmed beneath, or armed with two spines on 
the anterior margin. Egg-capstiles furnished with a longitudinal 
suture. Tribe 1. Ectobudes. [Anaplectinae Saussure.] 

3'. Supra-anal lamina of each sex more or less produced, triangular, 
or emarginate. Wings, when present, without apical field. Pos- 
terior femora with both edges spiny. 

4. Supra-anal lamina of each sex triangular, not notched. Cerci 
projecting much beyond this lamina. 

&. Pronotuni and elytra smooth {i.e. without peculiarity of 
surface other tlian punctuation). The radial nervure of the 
wing giving off scveial parallel branches, pectinate on the 
anterior margin (except in the genus Abrodiatta)* Tarsal 
joints without pads. Tribe 2. Phyllodaomudes. [Blattinae 
Saussure.] 

5. Pronotuni and elytra holoscriccous. Radial nervure of the 
wings giving off irregular branches on the anterior margin 
(ulnar vein many-branched). Tarsal joints furnished uith 
pads. Tribe 3. NYCTiBouroi::^. 

4\ Supra-anal lamina of males mure or less four-sided, with obtuse 
angles, of females broad, rounded, or lobed. Cerci not pro- 
jecting beyond the lamina. (Tarsal joints with distinct pads.) 
Ulnar nervure of the wings giving off parallel branches towards 
the vena dividens. Tribe 4. EPif AMBUTDES. 


* Biol, CeHlr,-Amcr, Orthopiero, 1893. 

^ Although the genus Ckorlioncuru has unarmed femora, it must be placed iii this 
division. 
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2'. The last ventral plate of the female furnished with valves. Tribe 
6. Peri PLAN ETIDES-^ 119, I^&riplanela Qus(ralasta€,') 

r. Femora unarmed beneath. (In the tribe Panesthiides the anterior 
femora are frequently armed M*ith two epines.) 

2. Supra-anal lamina of each sex more or less produced, posterior inai^in 
notched. 

3. A distinct pad between the claws. Tribe 6. Panchlorides. 

3. No pad between the clatvs, or only an excessively small one. 

4. Wings with a folded fan-like anal field. Pronotum smooth. 

Tribe 7. Blaberidcs. (Fig, 132, Blabera sp. wings.) 

4'. Anal field of the wing with a single fold. Pronotum more or 
leas pilose. Tribe 8. Corydiides. (Fig. 128, Corydia ptti- 
twiaiwi. Fig. 118, Heterogamia ne^yptiaca.) 

2 . Supn^anal lamina of each sex, short, transverse, posterior margin 
straight or rounded. 

3, Subgenital lamina of the male somewhat produced, furnished 
With a single style. Tarsal claws with a distinct pad (except in 
the genus Paranaupkeeta). 


4. Anterior portion of the wings pointed, either the apical field of 
the wing very much produced, or the wings twice as long as 
the tegmina, folded in repose. Tribe 9. Oxthaloides. fPlcc- 
topterinae Saussure,] (Fig. 129, Hypnonm amocTui.) 

4. Antenor portion of wing, when present, rounded, with no 
apical field. Tribe 10. PBRi8PBAERxn>E$. (Fig. 130, Groni^ 
phad^hiw pcTienicta ; Fig. 131, P^udcglonx^ru fomicata.) 

3, bubgeniUl lamina of males extremely small, without styles. No 

pad between cUwa Tribe 11. pANBatHiiDBa 

another one— OaoscAPaEDsiDES— has been recently 

wil f Australian Insect of foasorial habi^ 

With front legs formed somewhat like those of Grylhkilpa. ^ 

***^‘’-" or»«rfato. belongs to this tribe, « does olso 

rerxplanda <w%erteana, 

^ Tr, JL Soe. S, AmMtuI. xvii. 1823, p. S8. 
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CHAPTER X 

ORTHOPTERA CONTiyUED MANTIDAE SOOTHSAYERS 

Fam. IV. Mantidae — Soothsayers or Praying Insects. 

Orthoptera with exaerted hut dejlexed head and elongate prothorax, 
the first pair of legs largely developed, raptorial, the coxae 
elongate, free, femora and tibiae armed loith spines: second 
and third pair of legs simple and similar ; the tarsi five- 
jointed, without a pad {arolium') between the claws; a pair 
of jointed cerci near the extremity of the body. 

The Mantidae are an extensive family of Orthoptera, showing 
extreme variety in the shapes and outlines of the body, and 
characterised by the very remarkable front legs ; the function of 
these legs being to seize and hold their prey, which consists of 
living Insects, Mantidae being carnivorous and highly voracious. 

The labium is deeply divided, each half exhibiting a very 
near approach to the structure of a maxilla ; there is a large 
membranous lingua reposing on the inner face of the lower lip. 
The head is quite free from the thorax, its front part being 
deflexed, and even somewhat indexed, so that the mouth is directed 
downwards and somewhat backwards : it is very mobile, being 
connected to the thorax by a comparatively slender neck, which 
is, however, concealed by the pronotmn. There are two large, 
prominent eyes, the antennae are frequently very slender, but 
they sometimes differ according to sex, and in some genera 
are pectinate in the male ; just above and between their inser- 
tion are three ocelli placed in a triangle, two above, one below ; 
between the antennae and the clypeus there is an 
called the scutellar space. In some forma of Mantid^ the 
head assumes most extraordinary shapes ; the eyes may become 
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elongate and horn-like ; there may be a projection between them 
bearing the ocelli, and attaining occasionally a great length ; the 
scutellar space also may have a remarkable development, the 



no. 135.— /)m)ii/ary«<ara»ea£a, female. Borneo. {After Westwood.) 


whole thus forming a peculiar ornamental structure, as in Fig. 

The prothorax is elongate, but there are a few genera, t.g. 
Eremiaphila, in which it is exceptionally short, and there' are 
several others in which the elongate form is more or less masked 
by foUaceous expansions of the sides. The pronotum shows 
near the front a transverse depression or seam, which marks the 
position of an internal chitinous ridge. The anterior lees are 
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inserted near the front of the prosternum, which extends less 

far forwards than the pronotum does ; the posterior part of the 

prosternum is very elongate, and is completely separated from 

the anterior part by the base of 

tlie coxae and the membranes 

attached to them ; the pronotum 

and sternum are closely connected 

at the sides till near the posterior 

part where they diverge, the space 

so formed being occupied by a 

membrane in which the prothoracic 

stigma is situated. The meso- 

thorax is as lung as broad, and 

the front wings are attached to 

the whole length of the sides ; the 

mesosternimi is a triangular piece 

Fio. 136. — Head of Harpax variegaius, pointed behind, and bearing very 
seen from the frooL i ._i • a. i * 3 

large side -pieces, to the hinder 
portion of which the middle coxae are attached ; these latter are 
large and quite free, and repose on the metasternum which they 
cover ; the mesothoracic stigma may be detected as a slit situated 
on a slight prominence just behind and a little below the mem- 
branous hind -margin of the tegmen. The metathorax differs 
comparatively little in size and structure from the mesothorax ; 
the membranous hind wings are attached to the sides of the 
notum along nearly the whole length of the latter. The abdo- 
men is moderately long ; in each sex ten dorsal plates may be 
detected, and there is a pair of ringed cerci projecting from 
beneath the sides of the tenth plate. The number of ventral 
plates is more difficult to verify, the first one being much 
reduced ; eight other plates can be demonstrated in the male 


and six in the female. 

The anterior legs are formed in a remarkable manner in the 
Mantidae, and are, in fact, the most characteristic feature of the 
family. Attached near the front of the thorax there is a very 
long coxa, to the apex of which is articulated the triangular 
trochanter ; this bears the elongate femur, which is fxmnished on 
its lower face with sharp spines and teeth ; the tibia which 
follows is much shorter and smaller than the femur ; its lower 
face bears also an armature of teeth, and it is so articulated with 
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the femur that it can be completely closed thereon, its teeth 
fitting in among those of the femur (Fig. 

137, B); the latter has one or more longer 
spines overlapping the apical part of the 
tibia when contracted. The tarsus is 
slender, five-joii.;ed, without pad. The other 
two pairs of legs are simple ; the hinder 
usually a little the longer, and in some 
species that possess powers of leaping 
{Amde$), with the femora a little thicker 
at the base. 

The alar organs of the Mantidae are 
as regards the nervures and areas fairly 
similar to those of the Blattidae. The 
tegmina are usually narrow, and exhibit 
three well-marked areas ; the one in front 
or external (according as the wing is 
expanded or closed) is the mediastinal 
area ; it is usually more elongate and 
occupies a larger portion of the surface of the tegmen than in 
Blattidae. The middle area, forming the larger part of the 
wing, is occupied by the branches of the radial and ulnar 
nervures. The third area, the anal, possesses a sort of appendage 
in the form of a small space of a more delicately membranous 
nature at the inner part of the base. The tegmina are often 
more or less leaf-like in texture and consistence ; this character 
is as a rule not very marked, but there are a few speoies with the 
tegmina very like foliage, this being more marked in the female ; 
in some, if not in all, of these cases the mediastinal area is con- 
siderably increased. One tegmen overlaps the other, as in Blat- 
tidae, but to a less extent, and the correlative asymmetry is but 
slight : there is frequently a pallid spot close to the main vein 
on the principal area, nearer to the base than to the extremity. 
The hind wings are more ample than the ftxint, and of much 
more delicate consistence ; they possess numerous yeina converg- 
ing to the base ; the anterior part of the wing is firmer in con- 
sistence, and its veins are more numerously furcate ; there are 
many more or less distinct minute cross-veinlete, and an elegant 
tinting is not infrequent. They close in a fan-like manner, 
transverse folding being unknown in the family. 



Pio, 137. — Front leg of 
Bmpu$a pauperatOy 
female : A, with tibia 
extended and tonns 
wanting ; more mag- 
nified (the basal parts 
remoTed), showing the 
mode of closure. 
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But httle has been written on the internal anatomy of the 
Mantnlae. Dufour lias described only very partially that of M 
rehffiosa Tlie salivary glands are largely developed, salivarj' 
receptacles exist ; the alimentary canal possesses eight elongate 
coecal diverticula placed on the chylific ventricle; there are 
about one hundred Malphigian tubidea In each ovary there 
are about 40 egg-tubes, and they are joined at their bases in 
clusters of about half a dozen ; each cluster has a common sinus ; 
these sinuses are placed at intervals along a tube, which is one 
of two branches whose union forms the oviduct; there are a 
large number of " serific glands " of two kinds in the female. 
The testes are unusually complex in their structure. 

According to Schindler * the Malphigian tubes in Mantis are 
not inserted, as usual, at the base of the intestine, but on the 
intestine itself at about one-third of its length from the base. 
Ihere is some doubt about this observation. Schindler considers 
the fact, if it be such, unique. 

The eggs of the Mantidae are deposited in a singular manner : 
the female, placing the extremity of the body against a twig or 
stone, emits some foam-like matter in which the eggs are 
contained. This substance dries and forms the ootheca ; whilst 
attaining a sufficient consistence it is maintained in position by 
the extremity of the body and the tips of the elytra, and it is 
shaped and fashioned by these parts. The eggs are not, as 
might be supposed, distributed at random through the case, but 
are lodged in symmetrically-arranged chambers, though how these 
chambers come into existence by the aid of so simple a mode 
of construction does not appear. The capsule is hard ; it quite 
conceals the eggs, which might very naturally be supposed to be 
efficiently protected by their covering : this does not, however, 
appear to be tlie case, as it is recorded that they are subject to 
the attacks of Hymenopterous parasites. The time that elapses 
after the eggs are laid and before they hatch varies greatly 
according to circumstances. In France, Mantis religiosa 
its eggs in September, but they do not hatch until the following 
June ; wliile in E. India the young of another species of Mantis 
emerge from the eggs about twenty days after these have been 
deposited. Trimen has recorded some particulars as to the 
formation of its egg-case by a Mantis in S. Africa. This 

‘ Zeiiachr. vnu. Zool. xxx. 1878, p. 609, pi. xxxviii. fig. 7. 
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specimen constructed four nests of eggs at intervals of about a 
fortnight, and Trimen states tliat the four were “ as nearly as 
possible of the same size and of precisely similar shape.” He 
also describes its inode of feeding, and says 
that it was fond of house-flies, and would 
eat “ blue-bottles,” Le. Miisca vomitoria, but 
if while eating one of the latter a house-fly 
were introduced, the “ blue-bottle ” was gener- 
ally dropped, even though it might be in 
process of being devoured. The young liave 
to escape from tlie chambers in which they 
are confined in these egg-cases ; they do so 
in a most curious manner ; not by the use 
of the feet, but by means of spines directed 
backwards on the cerci and legs, so that 
when the body is agitated advance is made 
in only one direction- The eggs last de- 
posited are said to be the first to hatch. 

On reaching the exterior the young Mantids 
(to not fail to the ground, but remam sus- MaruU ^ young 
pended, after the manner of spiders, to the escaping : a, the case 

.1 « e» . .y f e • wiih younff in their 

ootheca by means of two threads attached to position of suspension; 
the extremities of the cerci; in this strange ^ magnified, 

position they remain lor some days until the sory threads, (After 

first change of skin is effected, after which Brongniart) 
they commence the activity of their predatory life. 

Dr. Pagenstecher has given an account * of the development 
of Mantis religxosa, from which it would appear that the statements 
of Fischer and others as to the number of moults are erroneous, 
owing to the earliest stages not having been observed. When 
the young Mantis emerges from the egg it bears little resemblance 
to the future Insect, but looks more like a tiny pupa ; the front 
legs, that will afterwards become so remarkable, are short and not 
different from the others, and the head is in a curious raumniy- 
like state, with the mouth-parts undeveloped and is iuflexed on 
the breast : there are, he says, nine abdominal segmenta The 
first ecdysis soon takes place and the creature is thereafter 
recognisable as a young Mantis. Pagenstecher’s specimens at 
first would only eat Aphididae, but at a later stage of the 

* Artlt./. Naiurge^. rxx. Hand 1, 1864, p. 7. 
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development they devoured other Insects greedily : the number 
of ^yses 18 seven or eight. The ocelli appear for the first time 
When the wing rudiments do so; the number of joints in the 
antennae increases at each moult. Dr. Pagenstecher considers 

that this Insect undergoes its chief meta- 
morphosis immediately after leaving the egg, 
the earlier condition existing apparently to 
fit the Insect for escaping from the egg-case. 
In the immature stage of the Mantidae the alar 
organs appear (Fig. 139) as adjuncts of the 
sides of the meso- and meta- notum, projecting 
backwards and very deeply furrowed and 
ribbed in a wing-like manner. According to 
and'v^ Te^iua I’agenstecher, this wing-like appearance only 
imoiature jUafUis. comin6iiC6S in th6 fifth Stadium, but he has 

not given particulars of the conditions of 
these parts in the preceding instars. According to de Saussure * 
the wings of the females of some species remain permanently in 
this undeveloped or nymphal state. 

The Mantidae, as a rule, have a quiet unobtrusive mien, and 
were it not for their formidable 
front legs would look the picture of 
innocence ; they, however, hold these 
legs in such manner as to greatly 
detract from the forbidding appear- 
ance thereof, stretching them out only 
partially so as to give rise to an 
appearance of supplication or prayer;* 
this effect is increased by their 
holding themselves in a semi-erect 
position, standing on the hind and 
middle legs with the upper parts of 
the body directed somewhat for- 
wards, hence they are called by _ 

various names indicatinsr prayer or onUoria, 

, . , . . ® ^ South Europe. Neturel iixe. 

supplication, and it is said that in 

some countries they are considered sacred. Some of the older 



’ Siol. Centr. Artur. Orthopt. 3894, p. 160. 

’ Our figures do not exhibit this Attitude ; if portnjed in their netorAl positioD 
in A drawing the front legs would be to a large extent obscured. 
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writers went so fer as to say that a Mantis would indicate 
the road a child should take by stretching out one of its arms 
in the right direction. The traveller Bnrchell, speaking of 
a species since described by Westwood under the name of 
Tarachodes lucubrans, says : “ I have become acquainted with 
a new species of Mantis, whose presence became afterwards 
sufficiently familiar to me by its never failing, on calm warm 
evenings, to pay me a visit as I was writing my journal, and 
sometimes to interrupt my lucubrations by putting out the 
lamp. All the Mantis tribe are very remarkable Insects ; and 
this one, whose dusky sober colouring well suits the obscurity of 
night, is certainly so, by the very late hours it keeps. It often 
settled on my book, or on the press where. I was writing, and 
remained still, as if considering some affair of importance, with 
an appearance of intelligence which had a wonderful effect in 
withholding my hand from doing it barm. Although hundreds 
have flown within my power, I never took more than five. I 
liave given to this curious little creature the name of Mantis 
tucvhrans ; and having no doubt that he will introduce himself 
to every traveller who comes into this country [Southern Africa] 
in the months of November and December, I beg to recommend 
him as a harmless little companion, and entreat that kindness and 
mercy may be shown to him.” This appearance of innocence 
and quietness must have struck all who have seen these Insects 
alive ; nevertheless, it is of the most deceptive character, for the 
creature’s activity consists of a series of wholesale massacres 
carried on day after day, the number of victims it sacrifices being 
enormous. The Mantis does not even spare its own kind; it 
is well known that the female not unfrequently devours its own 
mate. A very different picture to that of Burchell has been 
drawn by Potts, who observed the habits of a species in New 
Zealand.’ He informs us that when about making an attack it 
upproMhes its intended prey with slow, deliberate movements, its 
anterior limbs folded in an innocent fashion, now and then 
raising itself or lifting the prothorax in a stealthy quiet manner, 
perhaps to judge accurately of its distance ; when near enough, 
with one swift dart the victim is seemed. The prey is held 


it 1883. p. 114). but 

»t w probably mxnistrati. Fab., an AustmUau Iu»ct perhaw Uken to 

Now Zealand by minors. Cf. Wood-Mason, Cat. ManUtUa, i 1889; P- 2a 
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firaly in the formidable trap formed by the anterior leg, and is 
thus brought near the mouth. The Mantis usually commences 
Its feast by taking off some portions of the head of its wretched 
victim, and displays an absolute indifference to its struggling or 
kicking ; the maudibles having seized a portion of the food the 
legs holding it move away, thus leaving a fragment in the mouth. 
Portions only of a captured Insect are consumed, much being cast 
away , and Mr. Potts states that he has seen one of these voracious 
creatures kill and devour parts of fourteen small flies within a 
very brief space of time. This voracity and waste of animal 
food is very remarkable when we recollect that many Insects 
have such perfect powers of assimilation that during their whole 
period of growth they only consume a mass of food — and that 
vegetable — but little larger in size than the bulk they themselves 
attain. This fact is well known in the case of BtucKus, Cai'yo- 
horiLs, and other seed-feeding Insects. Burmeister has stated good 
grounds for believing that some of the larger Mantidae do not 
confine themselves to Insect diet, but attack and devour Hipall 
Vertebrates.* He has given a circumstantial account of a case at 
Buenos Ayres, where a small bird was secured by the wingless 
female of a large Mantis, which had commenced devouring its 
head when the observer took possession of the creature and its 
booty. Dubois states ® that when a decapitated, but living. 
Mantis was suspending itself to a roll of drapery by its four 
posterior legs, a person could detach with the fingers the left 
anterior leg (of the four) and the right posterior, or conversely - 
the left posterior and right anterior, without the interference 
producing any action on the part of the creature ; but if one 
of the other legs was also interfered with, which would neces- 
sarily have changed the position of the body, then immediately 
one of the two unoccupied legs was placed by the creature in a 
proper position to assure its stability. This reflex action alto- 
gether resembled in appearance a conscious action, and was as 
effectually performed. 

The combination in Mantidae of voracious and destructive 
instincts with helpless and inert attitudes gives rise to the idea that 
these latter are adopted for the purpose of deceiving the living 
prey and of thus more easily obtaining the means of subsistence. 


^ Berlin, enl, ZtiUchr. yiii. 1664, p. 284. 
^ Ann, Soe. Linn, Lyon, zi. 1893, p. 206. 
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It appears, however, more probable that the helpless attitudes 
have no such origin, but are due to the structure and form of the 
creature. The front legs being wonderfully well formed for 
raptorial purposes, have no capacity for locomotion or for support- 
ing the Insect in the usual manner, so that the body has to be 
borne by the hinder two pairs of legs ; at the same time the 
raptorial pair of limbs — which, it will be recollected, are of great 
size and attached to the anterior part of an unxisually long 
prothorax — have to be held in such a position as will not derange 
the equilibrium maintained by the posterior part of the body ; 
moreover, these large raptorial legs are entirely exserted, and 
have no trace of any articulatory cavity that might act as a 
mechanical aid to their support. Thus they could not be held 
extended without great muscular exhaustion ; hence we can 
well believe that the sedentary and helpless attitudes of the 
creature are not the results of any guile. 

A Mantis has been recorded as bearing a close resemblance 
to a Phasmid of the genus Bacillvs and having only small front 
legs ; it was suggested by Bates ^ that the Mantis would probably 
be found to feed on the Bacillus. Though the case is of con- 
siderable interest, no further information about it has been 
obtained. 


The simplest forms of the family are foimd in the groups 

Amorphoseelides and Orthoderides. From our figure of one of 

these (Fig. 141, Mantoida luttola ^), it will 

be seen that the peculiarities of the family 

can scarcely be detected, the raptorial legs 

being very little developed and the prothorax 

short. The sexes, too, differ but little in 

these simple forma Most of them are very 

rare in collections, but Wood-Mason states 

that Amorphoscdis annulicornis is frequently 

found about Calcutta on the trimks of Fw- Mantoida 

trees, to the bark of which it is so similar 

that it is only discovered with difficulty. 

In its rapid movements it resembles the cockroaches or MachUis, 

more than it does the more differentiated forms of its own 
group. 



* Pne. ent. Soe. London., 1867, p. cr. 
* Cat. Mantodea, L 188d, p. 4. 
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In the genus Pyrgomantis (Fig. 142. P. singxdarU. female) 
the male has the tegmina and wings of normal size, while in 
the female they are rudimentary. 

The variety of shape and external appearance in this family 
is very great ; de Saussure considers it to be a mimetic group. 
In certain species some parts of the body — more especially the 
tegmina — have very much the appearance of foliage, and usually 
in such cases this appearance is confined to the female, the males 
in this family having, as we have said, the organs of flight more 
transparent and colourless ; in the former sex the alar organs, 



FlO. 1 42. — PyrgomafUis singularis, 
female. & Africa^. (After West* 
wood.) 



Fto. 143. — Outline of CKaeradcdis 
canc€llata nymph. (After 
Wood*MasoD.) 


when present, are frequently but little adapted for flying. In 
some species the prothorax is expanded at the sides (Fig. 135, 
Deroplalys sarawaca ; and Fig. 143, Choeradodis caneellata), and 
in such cases the outline of the natural thorax — if we may use 
such an expression— may be detected occupying the middle of 
the unusual expansion. The European Mantis religiosa varies 
much in colour ; in some examples the tegmina are leaf-green, 
while in otliers they are brown or gray. There is some evidence 
extant making it probable that in some species the colour of an 
individual changes at different times — Colonel Bowker saying of 
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Harpax ocellata that it “ beats the Chameleon hollow in changing 
colour.” 

Some of the species of the old genus Eremiaphila (Fig. 144) 
are of very unusual form. De Saus- 
sure considers that some species of 
this genus are more highly modified 
than any other animals for maintain- 
ing their existence in desert regions. 

They are said to be found in places 
where no vegetation e.xists, and to 
assimilate in appearance with the 
sandy soil, the species varying in 
colour, so that the indiWduals agree 
in tint with the soU on which they 
dwell. These Insects are referred to 
the group Orthoderides, and have a 
short prothorax, the alar organs being <urcica. 

vmsuited for flight. What they live " “ ‘ 

on is not actually known ; although other Insects are the 
natural food of Mantids, it is said that these desert-frequent- 
ing species occur in spots where no other Insect life is known 
to exist. Lefebvre * met with these Fremiapbilas in the desert 
between the Nile and the Northern Oasis, El Bahiyeh, but was 
quite unable to discover their mode of subsistence. These 
Insects are very rare in collections, and the information we 
possess alxmt them is very meagre. 

Mr. Graham Kerr found on the PUcomayo river a species of 
Mantidae living on branches of trees amongst lichens, which 
it so exactly resembled that it was only detected by the move- 
ment of a limb ; it was accompanied by a Phaneropterid grass- 
hopper, which bore a similar resemblance to the lichens. One 
of the rarest and most remarkable forms of Mantidae is the 
genus Toxodtra, in which the eyes project outwards as pointed 
cones (Fig. 145). These Insects offer an interesting problem 
for study, since we are entirely ignorant about them. Brunner 
places the Toxoderae in his tribe Harpagides, but with the 
remark that " these Insects of antediluvian shapes differ essen- 
tially fix>m all other Mantidae.” 

Wood-Mason informs us ® that the young o£ JTpmerwpus Wcomrs 
‘ Ann. Soe. enL France, 1855, p. 457. » J>. ent. Soe. London, 1877, p. xxix. 



254 


ORTHOPTERA 


CHAP. 


beautifully simulate blossoms of different coloims. And it has 
been stated by Dr. Wallace, on the authority of a commuuicatiou 
made to him by Sir Charles Dilke, that a small Mantis found in 
Java exactly resembles a pink Orchis- flower, and this species 

“ was not only said to 
attract Insects, but even 
the kind of Insects (but- 
terflies) which it allures 
and devours was men- 
tioned.” We do not know 
of what species or genus 
this Insect may be, but 
Hymenopus hicornis is a 
peculiar form of the tribe 
Harpagides, and has, to- 
gether Nvith its younger 
state, been figured long 
tigo Caspar Stoll in 
Ins quaint and interest- 
ing old book.* Though 
it has very peculiar foli- 
aceous expansions on the 
two hinder pairs of legs, 
tliese dilatations are very 
different from those seen 
in the curious Gongylus 
gongyloides, the female 
of which we figure (Fig. 
146). This latter, accord- 
inty to the information 

O 

we shall quote, is also a 
" floral simulator.” Specimens of G. gongyloides were shown to 
the members of the Asiatic Society of Bengal in 1877 by Dr. J. 
Anderson,* who at the same gave some information about them 
which we shall reproduce in full, because, incomplete as it is, it 
is apparently almost the sole piece of definite information we 
possess as to this curious Insect, or any of its congeners 

“ These Insects all came from the same locality, having been 

» AfUddingen tier Spoken en wandeUnde Bladen, etc., Ainsterdain, 1813. 

* P. AiiQt Sqc. Sengal, 1877, p. 193. 




X 


FLORAL SIMULATORS 


255 


forwarded to Mr. Buckland by Mr. Larymore of the Central Jail 
at Midnapnr. Mr. Larymore had procured them from the neigh- 
bouring country district, where Santal women and children had 
hunted them out and brought them in, hanging on branches or 
twigs of a bush, somewhat like a wild plum-tree. They are also 
said to be found upon rose-bushes, and in connexion with this it 



Fig, l^^.—Oongylut gontfjfloidea, feiOAle. East TrwUn 


was observed that, in Midnapur, they were known as rose-leaf 
Insects, from the circumstance that when the Insect is more 
develo|^d and furnished with wings, the foUaceous appendages 
are said ^eat ly to increase in size, and exactly to resemble rc^- 
l^ves. Br. Anderson, however, was disposed to think that more 
than one species might probably occur in the Midnapur district 
^d that these Wts with the larger foliaceous expansions might 
be distinct from the species now before the Society. ^ 
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“ Mr. Buckland had made over these Insects to Dr. Anderson, 
and since that time they have l-teen regularly fed upon house-flies 
and grasshoppers ; the latter, however, appear to be rather too 
strong for them, and they therefore prefer the fliea They have 
been tried wnth small fragments of plaintain and custard-apple, 
which they not only eat, but the juice of which they seem t«» 
suck with considerable avidity, Dr. Anderson, however, thought 
that it was the moisture of these fruits that was the chief attrac- 
tion to tliese Insects, for the entire character of their organisation 
indicated a raptorial habit. 

“ Dr. Anderson went on to say that he had succeeded in 
identifying the three larger Insects by means of a single dried 
specimen in the Indian Museum, which, however, was fully 
mature and provided with wings. These remarkable Insects 
proved to be the pupae of a peculiar species of Mantis which was 
known to Aldrovandus, who figured it more than a century and 
a half before the first appearance of the Systems Naturae of 
Linnaeus, to whom it was known as Grryllus gongylodes, and also 
as Mantis gongylodes ; and since the time of Aldrovandus it liad 
been figured in a variety of works on Natural History, but 
apparently in everj' instance from mature, and seemingly dried 
specimens, so that the colours of the Insect during life had never 
been con*ectly described. 

“ So much by way of introduction to these remarkable pupal 
Mantises, the recognised scientific name of which is Gongylus 
gongylodes L. 

“ The reason which induced Dr. Anderson to bring them to 
the notice of the Society had now to be pointed out On looking 
at the Insects from above, they did not exhibit any very striking 
features beyond the leaf-like expansion of the prothorax and the 
foliaceous appendages to the limbs, both of which, like the upper 
surface of the Insect, are coloured green, but on turning to the 
under surface the aspect is entirely different The leaf-like ex- 
pansion of the prothorax, instead of being green, is a clear pale 
lavender-violet, with a faint pink bloom along the edges of the 
leaf, so that this portion of the Insect has the exact appearance 
of the coroUa of a plant, a floral simulation which is perfected 
by the presence of a dark, blackish brown spot in the centre, 
over the prothorax, and which mimics the opening to the tu^ oi 
a corolla. A favourite position of this Insect is to hang head 
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downwards among a mass of green foliage, and, when it does so, 
it generally remains almost motionless, but, at intervals, evinces a 
swaying movement as of a flower touched by a gentle breeze ; 
and while in this attitude, with its fore-limbs banded violet and 
black, and drawn up in front of the centre of the corolla, the 
simulation of a papilionaceous flower is complete. The object of 
the bright colouring of the under surface of the prothoracic e.x- 
jjansion is evident, its purpose being to act as a decoy to Insects, 
which, mistaking it for a corolla, fly directly into the expectant, 
serrated, sabre-like, raptorial arms of the simulator. It is no 
new fact that many Insects resemble the leaves of plants and 
trees, and that they manifest forms and colours which serve to 
protect them in the struggle for existence, but so far as Dr. 
Anderson had ascertained, this was the first recorded instance of 
an Insect simulating the corolla of a flower for the evident 
purpose of attracting Insects towards it for its sustenance. It 
is even more remarkable than this, for it is a localised adaptation 
for such a purpose, a portion of the Insect being so modified in 
form and colour that the appearance of the corolla of a plant is 
produced, in conjunction with the remainder of the long attenuated 
prothorax, which at a distance resembles the flower stem ; the 
anterior limbs when in repose even adding to and heightening 
the deception.” 

That we should have no more precise information as to a 
large Insect of such remarkable habits and appearance, and one 
that has been known to naturalists for upwards of three centuries, 
is a matter for regret Careful obsen-ation as to the habits, food, 
and variation of these floral simulators, and us to whether they 
seek for spots specially suitable to their coloration, would be of 
great interest. A European congener of this Insect, Empvsa 
pauperata, has small foliaceous expansions on the legs, but its 
habits have not been noticed in detail ** ’ 

The very curious Insect represented in Fig. 147. Stenophylla 

cornigera, is a member of the tribe Vatides ; the form of the cerci 

at the end of the body is very peculiar. This extremely rare 

if not absolutely unique. Insect is a native of the interior of 
Brazil 

Dirfour has recorded that ^fantis religiosa possesses the power 
of producing a mournful sound by rubbing the extremity of the 
body against the wings; it is stated that a hissing sound is 

s 
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produced by otlier species, and Wood-Mason has suggested * that 
a special structure exists on tlie tegniina for the purpose. 

There are probably about 600 species of Mantidae known; 
they (ire distributed over all the warmer parts of the earth, but 
there are none in the cooler regions. Europe possesses some twelve 
or fourteen species, most of them confined to the Mediterranean 
sub-region ; a single species. Mantis religiosa, is fiequenlly found in 
Central > ranee, and has been recorded as occumng as far north a.s 
Havre. Although no species is a native of Britain, it is not 



difficult to keep them alive here. Denny records® that an egg- 
case of a Mantis was sent from Australia to England, and that 
the hatching of the eggs was completed after its arrivak The 
young fed readily on flies, and we are informed that in tlie 
neighbourhood of Melbourne, where this Mantis is plentiful, 
specimens are placed by the citizens on the window-blinds of their 
houses, so that the rooms may be cleared from flies by means of 

the indefatigable voracity of the Mantis. 

The geological record as to Mantidae is very meagre an 
unsatisfactory. The genus Mantis is said to occur in amber, 
and Heer has refened to the same genus an ill-preserved ossi 
from the upper Aliocene beds of Central Europe ; a fragmen 
> Tr. ent. Soc. Londmx, 1878, p. 263. » Ann. Nai. Hist. 3rd ser. xii. 1867. p. 144- 
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of a hind wing found in the Jurassic strata of Siberia lias been 
assigned to the family; and until recently Lithomantxs from the 
Carboniferous beds of Scotland was considered to belong to 
Mantidae. Scudder, however, has rejected it tlierefrom, placing it 
in the Neuropteroid division of Palaeodictyoptera, and Brongniart, 
adding another species to the genus from the Carboniferous strata 
ill France, proposed to treat the two as a distinct family, which he 
called PalaeomantidaeJ This naturalist has, however, since renewed 
his study * of these Insects, has become convinced that they have 
no relations with existing Mantidae, and has consequently removed 
them to the family Platypterides in the Order Neuroptera. 

Six trilies of Mantidae are recognised by Brunner and de 
Saussure. 

Table of the tribes of Mantidae : — 


1. Anterior tibiae with the outer edge unarmed Iwneath or only furnished 
with very minute tubercles. (Pronotum not loiiKcr than the aoterioi 

coxae.) Tribe I. Amobphosceudes. Mantoidea luhola.) 

1 . Anterior tibiae with the outer edge spinoso l>eneath. 

'1. Anterior femora having the inner eiige armed beneath with equal 

Antennae of the male emiple, rarely unipectinate. 

3. Tibiae and also the intermediate and hind femora even above 

inTacrix^^ proceasea (Antennae simple 

5. Pronotum not forming any dilatation above the insertion of 

lateral margins straight or (in the genus 
Choer^^xt, strongly dilated with the anterior matxin not 

Fi“"l43 ^ L 

D ^ C^radodu; Fig. 144, Ertmiaphila turcica.) 
o . Pronotum dilaUd aWve the insertion of the coxae, there with 
the lateral m^ns broadened m a roimd manner, the anterior 
margin rounded. Tribe 3. Maxtides. (Fie 140 
4'. Leg, „ Wy furnished with ,„w (losterW~“ 
segment, of the body with lobe,, or verte, of thread 
^nically prolonged.) Tribe 4. Harpacdes. (Fig ^6 

3. Tibiae as well as the intermediate and hind femom /.« • ♦ 

aWve. (Pronotum ebngale. with the posterior part, behind the 
transverse gioove, three timea as lorb, oeninu the 

2. Anterior femora beneath, with the inner^edee i 

longer teeth with shorter teeth usually thi^® ^ between the 

‘ Si^. Philomat. (8) U. 1890, p. 154. ' 

^>xieeici/osntesdestemp$priinairts, 1894, p. 858. 
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OKTHOPTEKA CONTfXUED PHAS^HDAE WALKING-LEAVES 

STICK-INSECTS 

Fam. V. Piiasmidae — Stick and Leaf Insects. 

Head exserted ; prothoi'ax small, not elongate ; mesothorax very 
elongate ; the six legs differing hut little from one another, 
the front pair not raptorial, the hind pair not saltatorial. 
The cerci of the abdomen not jointed, consisting of only one 
piece ; the tarsi five-jointed. Tegmina usually small, or 
entirely absent, even when the wings are pi'esent and ample. 
The Sexes frequently very dissimilar. Absence of alar 
oi'gans frequent. 

These Insects arc amongst the most curious of natural objects. 
They are frequently of large size, some attaining 9 inches 
in length (Fig. 162, Pcdophus centaurus, one-half natural length). 
Their variety of fonn could scarcely be surpassed ; their re- 
semblance to products of the vegeUble kingdom is frequently 
very great: ’some of the more linear species (Fig. 148, Lonchodes 
nematodes') look like sticks or stems of grass ; some have a moss- 
like appearance, while others resemble pieces of lichen-covei*ed 
bark. The members of the ti*ibe Phylliides ai*e leaf-like. A 
certain number of other Phasmids are coveied with strong 
spines, like thorns (Fig. 149). The plant-like appearance is 
greatest in the female sex. When there is a difference between 
the two sexes as to the organs of flight, these ax*e more fullj 
developed in the male. 

The antennae are usually many-jointed, but the number o 
joints varies from 8 to more than 100; the head is exserted, 
the eyes are more or less prominent ; ocelli are present in some 
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aises. The prothorax is always small, and it is a remarkable 
fact that it undergoes but little elongation even in those species 
that are most linear and elongate in form (see Fig. 148, Lonckodes 
nf.matoiles), and that have the meso- and met«i.thoraces extremely 
long ; it is very simple in structure, consisting 
apparently merely of a dorsal and of a sternal 
plate, nearly the whole of the side being occupied 
hy the large space in which the coxae are inserted ; 
the edges of the pronotum are not free. The 
mesothorax is frequently six times as long as the 
prothoi-dx, though in the leaf-like and a few other 
forms it does not possess this great extension ; still 
it is always of large size relatively to the other 
two thoracic segments. This is peculiar inas- 
much as in other groups where the mesothorax is 
relatively large there are powerful mesothomcic 
wings ; whereas the Phasmidae are remarkable for 
the obsolescence of the mesothoracic alar append- 
ages. The middle legs and the tegmina or elytm, 
when present, are attached only to the posterior 
part of the mesotliorax ; the notura and the 
sternum are separated by two naiTow slips on 
each side, the epimeron and episternum. The 
metathorax is formed like the mesothorax, 
except that the posterior part of the dorsal sur- 
face is considered to consist of the first ventral 
segment consolidated with the posterior part of 
the metanotnm, the two being distinct enough in 
the winged forms. The hind botly or abdomen 
is elongated except in the Phylliides; it consists 
of ten dorsal plates ; the first frequently looks like 
a portion of the metanotum, and is treated as Fn. us.-ioncAo- 
really such by Westwood, who describes the abdo- 

men as consisting of nine segmenta The flat apical 

appendages are attached behind the tenth dorsal 
plate. The ventral plates are similar to the dorsal in arrancement 
except that in the female the eighth plate forms a sort of spoon-like 
or guttev-hke process to assist in carrying or depositing the eggs and 
that the two following segmente are concealed by it, and are some 
times of more delicate texture. The legs vary greatly in the details of 
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their shape : the coxae are short, oval, or round, never large ; the 



Fro. 149 . — lltUropUryz grayi, male. 
Bonieo. Cue-half natural size. 


trochanter is small; the front femora 
often have the basal part narrower 
than the apical, and they are fre- 
quently so formed that they can be 
stretched out in front of the head, 
concealing its sides and outline and 
entirely encasing the antennae. 
There is an arolium or cushion 
between the claws of the five- 
jointed tarsi. Tlie front legs are 
frequently longer than the others. 
Only a very slight study has been 
made of the alar organs of Phas- 
midae ; but according to Redten- 
liacher and Brauer, they differ 
greatly from those of Blattidae and 
Mantidae, inasmuch as the costal 
vein is placed not on the actual 
margin of the wing but in the 
field thereof, and in this respect 
they more resemble the Orthoptera 
saltatoria. 

Very little information exists 


as to the internal anatomy of the Phasmidae. Many years ago 
a memoir of a fragmentary and discursive nature was published 
on the subject by J. Muller, * but his conclusions require con- 
firmation ; the nervous system, according to his account, which 
refers to Arumatia ferula, has the anterior ganglia small, the 
supra-oesophageal ganglion being apparently not larger than 

those forming the ventral chain. 

Joly’s more recent memoir on the anatomy of Phyllium 
cruri/oUum « is also meagre ; he states that the nervous system 
resembles that of the locusts (Acridiidae), though there are at 
least ten pairs of ganglia — one supra-, one infra-oesophageal, thi^ 
thoracic, and five abdominal. He found no salivary glands ; the 
Malpighian tubules are slender, elongate, and very numerous. 
The tracheal system has no air- vesicles. He found no distinction 


* Ada Ae, Oerman, zii# 1826| pp* 655-672, pis. l.-Hv* 
^ J/tjn. Ac. Sci. TatdouUf series 7, iii. pp. 1-30. 
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of crop and proventriculus, but the true stomach appears to consist 
of two different parts, the anterior being remarkably uneven 
externally, though destitiite of coeca, while on the posterior ^xirt 
tliere are peculiar vermiform processes. Tliere are eighteen or 
twenty tubes in each ovary. 

When the young Insect is in the egg, ready for emergence, 
the meso- and raeta-tliorax are not remarkably elongate, so that 
the feinoi*a are not very far , 

apart, but by the time the ci'ea- \ / 

ture hits fairly emerged from the \ / 

prison of its embryonic life the \ / 

thoracic segments have attained \ \ / / 

their usual projwrtions ; much \ \ / 1 ? 

expansion of the Iwdy takes place \ 1 / 

as the Insect leaves the egg, so ^ ^ 

that it appears a marvel how it 

could have been contained therein; ^ 

this expansion affects the parts 
of the body unequally. 

The records as to the \)ost- 

embryonic development of l‘has- 

midae are very scanty, but iudi- 

cate great differences in the -1 1 

length of time occupied by it. I 4 | 

BiicUlus patellifer is said to | m I 

moult several times, Diaphero- 3 fm tf 

7n<7a/emorato only twice. This / 9 4 

latter species becomes full crown 

* ... ® Fio. 150.— ftmiJe, 

in SIX weeks, while, according Sumatim. Natunlsue. (AfUrWest* 
to Murray,^ Phyllium scythe wood.) 

required fifteen or sixteen months for growth, and did not 
moult until ten months after hatching ; the number of 
eedyses in the case of the Phyllium was three. At each 
change of skin an immediate iucreosc in size, similar to that we 
have noticed as occurring on leaving the egg, takes place ; each 
limb on being fi-eed becoming about a fourth longer and larger 
than the corresponding part of the envelope from which it has 
just been withdrawn. After the second moult of Phyllium the 
tegmina and wings luade their appearance, hut remained of very 

* Edinburgh Philoso^. Jowru Janoary 1856. 
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small size until after the third moult, when they suddenly shot out 
to their full size ; they came out of little cases about a quarter of 

an inch long, and in the course of a 



Fio. saevusiina, Br&nU 

(After Westwood. ) 


few minutes attained their full size 
of about two and a half inches of 
length. In the apterous species the 
difference between the young and 
adults in external characters is very 
slight. 

Phasmidae are very sensitive to 
cold ; both in North America and 
Australia their lives are terminated 
by the occurrence of frost. They 
are all vegetable feeders, the canni- 
balism that has been attributed to 
them by several writers being prob- 
ably imaginary. They are, how- 
ever, excessively voracious, so that a 
pair will destroy a great quantity 
of foliage ; they are consequently 
in some parts of the world classed 
amongst injurious Insects. In Fiji 
and the Friendly Islands, Zopaphus 
cocophagus eats the cocoa-nut foliage 
and causes a scarcity of food, so that 


it becomes a matter of necessity to destroy these Insects. One 
writer has gone so far as to attribute the occurrence of cannibal 
habits amongst the inhabitants of some of these islands to the want 
of food caused by the ravages of this Insect. Some, if not all, of 
the Phasmidae have the habit of ejecting a stinking fluid, that is 
said to lie very acrid, and occasionally, when it strikes the eye, to 
cause blindness ; this liquid comes from glands placed in the 
thorax. Some Phasmidae are much relished as food by birds ; 
Diapheromera femorata is sucked by several bugs as well ns eaten 
by birds, and another species is recorded to have har ^ u 
Ichneumon-flies in its body without suffering any apparent 
venience from their presence or from their emergence o 
withstanding the great amount of food they consume an t eir 
want of activity, they produce comparatively few eggs. row 
twelve to twenty or thirty is frequently mentioned as about t e 
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number, but in the case of Diapheromera femorata Kiley speaks 
of upwards of one hundred. These eggs are not deposited in any 
careful way, but are discharged at random, simply dropping from 
the female; the noise caused by the dropping of tlie eggs of 
Diapheromera femorata from the trees on which the Insects are 
feeding to the ground is said to resemble the pattering of rain- 
drops. The eggs of this 
species often remain till ^ 
the second year before 
they hatch. The eggs 
in the Phasmidae gen- 
erally are of a most 
remarkable nature, and 
nearly every one who 
mentions them speaks •, ? t . . ° 

Ot tneir e.vtreme resem- l>odi; B, Platycrania edulii; c. llnplopu 3 ffrayi • 
blance to seeds. Goldi ^ T>, PhyUium ,iecifolium. (Aft«rKaui>.) 

has suggested that this is for the pnipose of deceiving Icltneumons ; 
It IS, however, on record that the eggs are actually destroyed by 
Ichneumons. It is worthy of notice that the eggs are shed like 
s^s, being dropped loosely and. as we have said, remaining on 
the ground or elsewhere, sometimes for nearly two years without 
other protection than that they derive from their coverincrs. 

egg IS really a capsule containing an egg, reminding us thus 
of the capsule of the Blattidae, which contains, however, always 
a number of eggs. Not only do the eggs have a historj' like that 
of seeds, and resemble them in appearance, but their capsule in 
minute structure, as we shall subsequently show, greatly resembles 
vegetable tissue. The egg- capsule in Phasmidae is provided 
with a hd, which is pushed off when the Insect emerges (Fig. 
lo7). This capsule induced Murray to suppose that the egg 
confined within is really a pupa, and he argued therefrom that 
in the Orthoptera the larval stages are passed in the egg and 

that the Insect after its emergence should be looked on as an 
active pupa that takes food. 

The mdi\nduals of this group of Insects possess the power of 
reproducing a lost limb; and Scudder. who haV^e some experi- 
ments a. to this,- autea that if a leg be cut off b “onrtho 

‘ ZooL Jahrb. S>»t. i. 1886, p. 724. 

® P. £o3ion Soe. xii. 1869, p. 99. 
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trochantero-femoral articulation, the parts i-emaining outside of 
this joint are dropi>ed before the next moult, and are afterwards 
i-euewed either as a straight short stump in which the articula- 

^ tions are already obser\'able, or as a 

/ miniature leg, the femur of which is 

f straight aud the tibia and tarsus 

a curved into a nearly complete circle ; 

\ in the former case, the leg assumes at 

I 1 \ the next moult the appearance that 

/ \ second case ; this latter 

I i form is always changed at the succeed- 

\ j ^ ing moult into a leg resembluig the 

^ 1 1 ^ normal limb in every respect except- 

\ OT / ing size, and the absence of the fourth 

tarsal joint (Fig. 153). If the leg 
^ l>e i-emoved nearer to the body than 

the trochantero-femoral articulation 

t the limb is not replaced. 

The sexes are frequently ex- 
tremely different; the female is usxially 
very much larger than the male. 
This latter sex often possesses wings 
when they are quite wanting in the 
other sex ; the resemblance to por- 
tions of plants is often very much 
greater in the female than it is in 
the male. 

We have pointed out that the 
tegmina or upper wings are usually 
of small size or absent (Fig. 150, 
Aschipasma caiadroinvs), even in the 
species where the lower wings aie 
very largely developetl ; in such cases 
the latter organs are folded in a 
Fio. 153. — c'y/^/tom-nia atsluans: ^^mnlicated fan-like manner, and 

front leg has been renewed. |^poS6 On th6 back, iOOKing O 
Senegal. (After Westwood.) 1 -eally the tcgiuina (Fig. 

159, Cfdvisia alrosignola) \ this appearance, moreover, is in some 
species enhanced much by the fact that the pait o t le 
which is outermost in the folded state is quite i eien 
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coloured from the rest of the organ. The colour of the body in 
many Phasmidae is said to be very variable, and if the tints be 
owing to chlorophyll or other plant juices, finding their way amongst 
the Insect-tissues, this is readily undersUxKl ; in Diapherorntra 
the young Insect is brownish on hatching, becomes green after 
feecbng, and turns brown again when the leaves do so. The 
ocelli, too, are said to be very variable, and M'Coy goes so far 
as to state ^ that they may be either present or absent in different 
individuals though of the same species and sex, — a statement so 
itmarkable as to require minute examination, though it is to some 
extent confirmed by the remarks of other entomologists. 

The resemblance presented by different kinds of Orthoptera 
to leaves is so remarkable that it has attracted attention even in 
countries where Natural History is almost totally neglected ; in 
many such places the inhabitants 


are firmly convinced that the 
Insects ai-e truly transformed 
leaves, by which they understand 
a bud developing into a leaf and 
subsequently beaming a walking- 
leaf or Insect. To them the 
change is a kind of metamor- 
phosis of liabit ; it grew as a leaf 
and then took to walking.* It 
is usually the tegmina that dis- 
play this great resemblance to 
vegetable structures, and there is 
perhaps no case in which the 
phenomenon is more marked than 
it is in the genus Phyllium, the 
members of which occur only in 
the tropical regions of the Old 



World, where they extend from *! 

Mauritius and the Seychelles — PhyUi»m scythe, female 

the Fiji Islands— possibly even ®^*^*‘* (AfUr Westwood.) 


more to the ^st — and have, it would appear, a peculiar penchant 
for insular hfe. The genus Phyllium. constitutes by itself the 
tribe Phylludes. Although the characters and affinities of this 


' Prod, ZooL Victoria^ Dec&de Til, 1862, p. 34, 

Ses de Bonr, CR. Soc. erU. Selffifue, xxyU. 1883, p* cxliii. 
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group have been only very inadequately investigated, it will 
probably prove to be a very distinct and isolated one. The 
species are not well known, but are probably numerou.s, and the 
individuals are believed not to be rare, though the collections of 
entomologists arc very badly supplied with them. The resem- 
blance of the tegmina or front wings to leave.s is certainly of 
the most remarkable nature. During the eiirly life the Insect 
does not possess the tegmina, but it is SJiid then to adapt itself 
to the appearance of the leaves it lives on, by the positions it 



Fio. 135.— PhyUiuni tcytht, male. Sylbet. (After Murray.) 


assumes and the movements ^ it makes. When freshly hatched 
it is of a reddish-yellow colour. The colour varies at different 
periods of the life, but " always more or less resemble a leaf.” 
After the young Insect has commenced eating the leaves it speedi y 
l>ecomes bright gi'een ; and when the metamorphosis is complete 
the female Insect is possessed of the leaf-like tegmina shown m 
Figs. 154, 156. Before its death the specimen described by 
Mvirray passed ” through the different hues of a decaying leaf. 
Brongniart has had opportunities of observing one of the^ Iwt- 
Insects, and has, with the aid of M. Becquerel. submit^ their 
colouring matter to spectral analysis, • with the result o n ng 

1 .Sec Murray, Edinburgh New Philosophical Jonmol, January 1856. 

* CR. Ac. Paris, cxviii. 1894, No. 24, p. 1299. 
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that the spectrum exhibits slight distinctions from that of solu- 
tions of chlorophyll, but does not differ from that of living 
leaves. Mr. J. J. Lister when in the Seychelles brought 
away living specimens of Phylliuni ; and these becoming short 
of food, nibbled pieces out of one another just as they might 
have done out of leaves. The Phasmidae are purely vegetable 
feeders, and these specimens did not seriously injure one another, 
but confined their depredations to the leaf-like appendages and 
expausiona 


The males of this genus are totally different from the females : 
the foliaceous tegmina being replaced by appendages that are not 
leaf-like, while the posterior wings, which are large and conspicu- 
ous parts of the body, have no l&tf-like appearance (Fig. 155). 

In the female PhyUium the hind wings are not present, 
being represented by a minute process (Fig. 156, B). The 
tegmen of the female PhyUium is, from various points of view, 
a remarkable and exceptional structui«. It is the rule that 
when there is in Insects a difference between the alar organs of 
the two sexes it is the male that has them largest ; this is the 
case in PhyUium so far as the hind wings arc concerned, but in 
the fore-wings the rule is departed from, the leaf-like tegmina of 
the female being very much larger than the rudimentary wing- 
covere of the male. In Phasmidae it is the rule that the tegmina 
are atrophied, even when the hind wings are largely developed. 
This is the case in the male of PhyUium., but in the female this 
normal condition is re- 


versed. Although the alar 
organs of Phasmidae have 
received hitherto but a small 
amount of attention, it is 
probable that the female 
tegmen of PhyUium is as 
peculiar morphologically as 
it is in other respects. In 
Fig. 156 we give an accur- 
ate representation of the 
chief nervures in the teg- 
men of a female P. cniri- 



““‘J one aide of thorax of 
Phyllxum cruTyfolium; A, tegmen; B. rwdi- 

pronolum ; D, anterior 
dmiion of meeonotum ; E, posterior division • 
F. meUDotum; a, b, c, d, t. chief wiuu- 
uerTOm ; a, mediastioal ; b, radial ; ulnar : 
d, dmdtsnsl J t, plicalaT. 


folium It is interesting to compare this with the diagrams we 
give of the tegnuna of a Blatlid (Fig. 121) and of an AtfridiiU 
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(tig. 1G7) ; the teginen of t\\e PhylHum is vexy different, the radial 
vein and all the parts behind it being placed quite close to the 
pK)sterior edge of the structui*e. A similar view is taken by 
both Redtenbacher and Brauer. The latter says,* " In Phylliuvi 
(the walking-leaf) almost the whole of the front wing is formed 
by the praecostal and subcostal fields ; all the other fields with 
their nervures, including even the costii, are compressed towards 
the hind margin into a slender stripe. In the hind wing the 
costa is, however, marginal.” Unfortunately no examination 
appears to have been made of the male tegmen, so that we 
do not know whether that of the female differs from it morpho- 
logically as strongly as it does anatomically. It is, however, 
clear that the tegmina of the female Phyllium not only violate 
u rule that is almost universal in the Insecta, but also depart 
widely from the same parts of its mate, and are totally different — 
and, for a Phasmid, in an almost if not quite unique fashion — 
from the other pair of alar organs of its own body. 



A B 



A 


Fio. 157.-Eg)i of Phyllixim 3cytht. (After Murray. ) A, The whole naturoj ,i« : 

A'. niagniLd ; B, the capsule broken, showing the true egg mside, natural wie . 

B'f magnified. 


We have already alluded to the resemblance to seeds displayed 
by the eggs of Phasmidae. The eggs of Phyllium have been 

> SB. Ak. WUn, xci. 1885. p. 361. The nomenclature applied to the nervnrea 

by these authors is not the same as that of Brunner; .^aU'ILrd- 

wing of Phyllium, female, differs more from the wing of Blatta than it 
iog to 6 comiidrisoD made with the nomenclature wo adopt. 
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.studied by several entomologists, and their reseinblivnce to seeds 
excites general astonishment. Murray descriljes the egg-capsule 
oi Phyllium scytJn', and says : "It looks uncommonly like some 
seeds ; if the edges of the seed of Mirahilis jalapa were rubbed 
•jff, the seed might lie mistaken for the egg. The ribs are all 
placed at equal distances, except two, which are wider apan. and 
the space between them flatter, so that on the egg falling it rolls 
• jver till it comes to this flatter side, ami there lies. ... At the 
top there is a little conical lid, fitting very tightly to ilie mouth. 
. . . On removing the lid we see a beautiful porcelain chamber 



Heou«^ ) ' ^ zones ; rf, elengale alveolL x 100. ^ (After 


of a jwle French-white colour, bearing a close resemblance to the 
texture of a hen’s egg, but it is not calcareous, and has more the 
appearance of enamel.” The eggs of P. crurifoHum have been 
examined by Joly and Henneguy ; their account confirms tliat 
ot Murray. Henneguy adds that a prominent lozenge on the 
egg represents the surface by which the achene of an umbelliferous 
plant is united to the column, and that the micropyles are placed 
on this lozenge. The minute structure of the capsule has also 
been exaimued by several entomologists; ami Henneguy' who 
has descried and hguied some of the details of the capsule of 
P. oui^/ohum, says, "Almost every botanist, on exumiuin*^ for 

* Bull. Soc. Philomathique (8), ii. p. jg. 
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the first time a section of this capsule, would declare that he is 
looking at a vegetable preparation.” 

We may remark that, although there is difference of opinion 
on the point, the evidence extant goes to show that the e^w- 
capsules are formed in the egg-tubes, only one egg being pro- 
duced at a time in a tube,^ the others in it remaining quite 
rudimentary. 

About 600 species of the family are known; there are only 
four or five kinds found in Europe, and they are all confined to 
the south, only one of them extending as far north as Central 
France. The males of these European Bacilli are extremely raie 
in comparison with the females, which are common Insects. 
I’hasmidae are of almost universal distribution in the warm parts 
of the world, and even the species whose individuals are of large 
size seem to be able to continue their existence in comparatively 
small islands. Australia is perhaps the region where they are 
most largely developed at present. Maeleay says of Podacanthvs 
wilkinsoni that it is rare in any part of Australia to find in the 
summer season a gum-tree without a few of these Insects grazing 
on it ; and occasionally this Insect has been so abundant there 
that the trees for miles around have been denuded of their foliage 
by it, and the dead and dying Insects have been found lying 
beneath the trees almost in heaps. There are several Phasmidae 
in New Zealand, all wingless forms, and different from those 
found in Australia. In Brazil a species of the genus Prisop^is 
lias the peculiar habit of seeking shelter under the stones sub- 
merged in the mountain streams ; to enable it to do this it is 
remarkably constructed, the under side of the body being hollowed, 
and various parts set with a dense fringe of hairs ; the Insect is 
supposed to expel the air from the body in order to adhere to the 
upper surface of a stone, where it sits with its fore legs extended 
in front of its head, which is directed against the current. At- 
tention has been called to a still more remarkable form said to 
l)e allied to the Prisopi, by Wood-Mason,® who calls the Insect 
Cotylosoma dipneusticum. This Insect is apparently known only 
)>y a single example of the female sex ; it is 3 or 4 inches lu 
length, has rudimentary organs of flight, and along the owei 
margins of the metathorax there are said to be on each side five 

■ Uboulbene, Bidl. Soc. ent. France, 1857, p. cxxxvi.,and Hennegny as abore. 

= Ann. XiU. Biat. (5) i. 1878, p. 101. 
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conspicuous fringed plates of the nature of tracheal gills ; these 
coexist with open stigmata for aerial respiration, as iu the imago 
of Pteronarcys. The writer has examined this curious Insect, 
and thinks it very doubtful whether the plates are branchiae at 
all The locality for this Insect is the island of Taviuui, not 
Borneo, as stated by WooJ-ilason. These and one or two Acri- 



Pio. l5'^.—CalviaiaatTtmgiuUa,ftm»i^ Tenasseritn. (After Bruoner.) 

^dae are the only Insects of the Order Orthoptera at present 
believed to possess aquatic habita 

Although the number of species of Phasmidae is small in 
^mpwison with what we find in many of the large families of 
Ins^ta. yet there la probably no other family that equals it in 
multiphcity of form and diversity of external appearance. 

VOLu V 
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Karahxdion (Fig. 160), a genus found in some of the islands of 
the southern hemisphere, has the hind legs enormously thickened 
in the male. Some Phasmids, e.g. Orxines zeuxis, have the hind 
wings marked and coloured after the manner of butterflies or 
moths. Lamponius laciniatus has an elaborately irregular out- 
line, looking like a mass of moss, and some species of Bacteria 
are so very slender that the linear body is scarcely equal in size 



Fio. 160 . — Eurycantha {Karobidion) 
aiutralu, male. Lord Uowe'a 
Island. (After Westwood.) 



-I 


Pio. 161 . — Anitomorpha parda- 
Una. ChUi. (After West- 
wood.) 


to one of the legs it bears. Among the most interesting foms 
are the Insects for which the genera Affothenura and ^ntso- 
xnorpTxa (Fig. 161) have been established; they are remarkably 
broad and short, have the mesothorax but little elongated, wit 
the tegmina attached to it in the form of two short, thic , 
leathery lobes ; while the wings are seen as marks on the meta- 
notum looking like a mere sculpture of the surface ; these Insects 
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have quite the appearance of larval forms, and it is worthy of 
note that the elongation of the mesothorax, which is one of the 



Flo. 162 . — PalqpKus cefxiaumt* Old CabW. Half natural sue. (AfUr Westwood.^) 

moet marked features of the Fbasmidae, is in these forms only 
very slight. 

* Th6 antennae in the specimen represented 'vere no doobt mutilated, thownh 
Weatwood did not say so. 
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Some Insects said to belong to the genera Phasma and 
Bacteria have been found in amber. A single Insect-fossil found 
in the Tertiarj' strata in North America has recently been referred 



Fio. \&Z>~Titan 0 phasma fayoli. Carboniferous formation at Commentry. x 

(From ZitteL } 


by Scudder to the family, and even to a genus still existing in 
the New World — Agathemera ; the fragment is, however, so 

defective, and the charac- 



Fio. 164 . — Titanophaama fayoli {rtsionXion). 

X 


teristic points of the 
Phasmidae are so little 
evident in it, that not 
much reliance can be 
placed on the determina- 
tion. No Phasmid has 
been unearthed from 
Mesozoic strata, so that, 
with the exception of the 
fragment just mentioned, 
nothing that evidently 
belongs to the Phasmidae 
has been discovered older 
than the remains pre- 


served in amber. In the Carboniferous layers of the Palaeozoic 
epoch there are found remains of gigantic Insects that 
possibly be connected with our living Phasmidae. These fossi s 
have been treated by Brongniart and Scudder as forming a 
distinct family called Protophasmidae. The first of these authors 
says * that our Phasmidae were represented in the Carboniferous 


* CB. Ac. Paris, xcTiii. 1884, p. 832. 
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epoch by analogous types differing in the nature of the organs 
of flight : these ancient Insects were of larger size than their 
descendants, being 25 to 50 centimetres long, and as much as 
70 in spread of wing. To this group are referred, on soniewhat 
too inferential grounds, the fossil wings found in the Carbon- 
iferous layers, and called by Goldenberg Dictyoneura. 

■\Ve reproduce from ZitteTs handbook a figure (Fig. 162) of 
one of these gigantic Insects, and add an attempt at a restora- 
tion of the same after the fashion of Scudder (Fig. 163). From 
these figures it will be seen that the relation to our existing 
Phasmidae must at best have been very remote.^ It will be 
noted that the larger of the two figures is on a J scale. 

The classification of Phasmidae was left in a very involved 
state by StSl, but has recently been brought into a more satis- 
factory condition by Brunner von WattenwyL We give a trans- 
lation of his table of the tribal characters : — 

1. Tibiae beneath carinate to the apex, without an apical area. 

2. Antennae much longer tlian the front femora, many jointed, the 
joints being above 30 in number and only distinct at the base and 
towards the apex.* 

3. tiedian [true first abdominal] segment much shorter than the 
metanotum.^ The species all apterous. 

4. The anal segment of the moles roof-like, more or less 
bilobate. The female has a supm-anal lamina. The 
species inhabit the Old World. Tribe 1. Lonchodides 
(Fig. 148, Lonchodu 7trnuUode&) 

4 '- The anal segment of the males arched, straight behind. 
No supra-anal lamina in the female. The species are 
American. Tribe 2. Baconcolides. 

3'. Median segment as long as, or longer than the metanotum. 

Species with the male or hoth sexes winged. 

4, Females apterous or rarely possessed of short wings.* 
Males \ringed. Femora dentate beneath, or lobed, or at 
least armed with one tooth. Species occur both in 
America and in the Old World. Tribe 3. BACTsanDEs. 

(Fig. 162, Pulo^ua centaurut.) 


' In his recent JnucUa <le$ lemps prinuixrea, pp. S7S and 396, M. 

Brongniart has himself removed this Insect to Protodonstes. We shall again men- 
tion it when discussing that group. 

* JBaetridium, though placed in this tribe, has only short antennae, of 20 joints. 

* Boatra and Cloniairia, belonging to Bacunculides, have the segment 

almost as long as the metanotum. 

* The American genera Pterinoxylua, HapUpus, and CandauUs, as well as the 
African Palophus, possess winged females. 
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4\ Eacli sex winged. Femora smooth beneath. The 
species belong to the Old World. Tribe 4. Necro- 
SCIDES. (Fig. 159, Calvina cUrosi^naia,) 

Antennae (at any rate in the females) shorter than the front femora, 
the joints distinct, not more than 28 in number. The species 
belong to the Old World. 

3. Median segment shorter than the metanotum. Apterous 

species. Cerci plump. Tribe 6. Cuxumnides. (Fig. 160, 
Unrycaritha axistrali^) 

3\ Median segment longer than the metanotum. Species usually 
winged. Cerci (except in some genera of the group Platy- 
craninae) flattened, elongate. Tribe 6. Acrophyllides. 
(Fig. 153, Cyphocrania <ustuans,) 

1\ Tibiae furnished beneath with a triangular apical area. 

2. Antennae many Jointed, longer than the front femora. 

3. Median segment shorter than the metanotum. Apterous 

species.^ 

4. Either head, thorax, or legs spiny or lobed. Tribe 7. 

Cladomorphides. (Fig. 149, Hettropieryx grayi.) 

A\ Head, thorax and legs unarmed. Tribe 6. Akiso* 
UORPHinss. (Fig. AniBrnru/rpha pardalina) 

Z\ Median segment longer than the metanotum. 

4. Claws unarmed. Tegmina lobe^like, either perfectly 
developed or entirely absent The winged species are 
all American, the apterous are both African and 
Australian. Tribe 9. Phabmidbs. 

Claws toothed on the inner side. Tegmina spine-like. 
Wings well developed. The species are Asiatic. Tribe 
10, AscBiPAfiUiDES. (Fig. 1 60 f A sehipasmacaiadr^muB.) 
2\ Antennae shorter than the anterior femora,* formed of not more 
than 20 joints. Old World speciea. 

3. Body slender. Apterous. Tribe 11. Bacillides. 

3'. Body very broad, lamina-like. Either wings or tegmina 
present Tribe 12. Phtlludes. (Fig. 155, Phyltium scythe^ 
male ; Fig. 154, idm., female.) 


* The African and Australian genera OroWa and Paraorobia, although they have 
a short median segment, are placed in the tribe Phasmides of this division. 

^ This character is evidently erroneous as regards the males of the genus 
Pbyllium. — D. S. 


CHAPTER XII 

dETHOPTE&A OO^r/iV’C7'£i>— ACRIDIIDAE 


Fam.VI. Acridiidae — Locusts and Grasshoppers. 

OrthopUra with the hind leg» difering from the others hy being 
more elongaU and having their femora broody luar the 
hose. Antennae short, with less than 30 JoifUs. ^o 
exserted ovipositor in female. Tarsi short, with three 
distinct Joints. The auditory organ placed on ths side oj 
the upper part of the first aidominal segment. 



Wb commence the consideration of the saltatorial Orthoptera 
with the family Acridiidae. It includes the grasshoppers of our 
native fields as well as the destructive migratory locusts of 
foreign countries, and is the most numerous in species and indi- 
viduals of any of the Orthopterous families. Our native grass- 
hoppers, though of emaU size, give a very good idea of the 
Acridiidae. Active little Insects, with large head, conspicuous 
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eyes, laterally somewhat compressed body, long hind legs with 
femur directed upwards and backwards, the knee-joint forming 
an acute angle, the organs of flight presseil to the sides of the 
body, our common grasshoppers represent the Acridiidae quite as 
truly as do the gigantic exotic forms, some of which measure 
9 or 1 0 inches across the expanded wings. 

The large head is immers^ behind in the thorax ; the front 
is deflexed, or even inflexed, so as to be placed in a plane at an 
acute angle with that of the vertex (Fig. 165); the compound 
eyes are placed at the sides of the head and rather widely 
separated ; in front there are three small ocelli. Two of these 

are placed one on each side close to 
the eye between the eye and the base 
of the antenna ; the third ocellus 
being in the middle just in front of 
the insertion of the antennae, be- 
tween the edges of the margined 
space that usually runs down the 
middle of the front. The positions 
of these ocelli and the shape of the 
front and upper parts of the head 
are of importance in the classification 
of the family ; the ocelli vary much 
Fio. 166.— Front of head of in their development, being in some 
sp. Transvaal. species beautifully clear and promi- 

nent (Fig. 166), while in others they are small, not easily detected, 
apparently functionally imperfect. The antennae are never very 
long, are sometimes compressed and pendent from the front of the 
head. The parts of the mouth are very large. The prothorax is 
much arched ; it is often carinate or crested along the middle of 
the notum ; this part is frequently prolonged backwards, forming a 
.sort of hood over the base of the wings ; the surface may be 
rugged or warty, forming in some species inexplicable structures , 
the legs are widely separated, all of them being placed at the 
sides of the body; the edge of the pronotum is distinct and 
situate close to the base of the leg ; the prosternum frequently 
bears a large projection extending directly downwards between 
the front legs. The mesothorax is short, its chief sternal piece 
is very broad, the middle legs being very widely separated. The 
metathorax is larger ; its sternal plate usually exhibits behind a 
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filled up l)y a portion of the first ventral plate, 
elongate, and shows distinctly eiglit dorsal 


sort of embrasure 
The hind body is 
segments, behind which are the 
pieces fo rmi ng — in the female, the 
fossprial organs which replace an 
ovipositor — in the male, the modi- 
fie<l parts connected with the ter- 
minal segment. The alar organs 
(Fig. 1G7) exhibit, according to 
Brunner, the same areas as we 
have described in Blattidae. Ac- 
cording, however, to Redteubacher ’ 
the tegmina of the Acridiidae and 
other saltatorial Orthoptera differ 
from those of the cursorial group 
(with the exception of the Phas- 
luidae) in that they possess a 
praecostal field, due to the fact 
that the vein which in the Cur- 
soria is costal, i.c. forms the front 
margin, in the Saltatoria lies, on 
the contrary, in the field of the 
wing. If this view be correct the 
mediastinal area of Brunner is not 



Pro. 1 67. ~ Alar organs of Acridiidae 
[Biyodann (nUrcul<Ua), LeH 

tegnien ; B» left wing : ar.medf area 
mediMtina ; ar.sc, area scapularis; 
ar,disCt area discoidalU ; ar.aA> anal 
area ; vena oiediastina ; r.r, 

▼ena radial is ; t\f.a» vena radial is 
anterior ; vena ndialis media ; 
v.r,pf vena radialis posterior ; v.i^ 
vena interealata; v.u^o, vena ulnaris 
anterior ; v,u.p, vena ulnarb pos* 
terior ; vexm dividens ; v.pl, vena 
. plicata. (After Brunuer.) 


homologous in the two divisions. The tegmina are long and 
comparatively narrow ; they are of firm parchment-like texture, 
with several longitudinal veins, which divide beyond the middle, 
so as to become more numerous as they reach the extremity of 
the wing ; there is much reticulation, dividing the surface into 
numerous small cells. The hind wings are much more ample, 
and of more delicate texture ; the longitudinal veins fork but 
little, the numerous cross veinlets are fine. In repose the hind 
\ving8 fold together in a fan-like manner, and are entirely con- 
cealed by the upper wings. The front and middle legs are 
similar and small, the coxae are quite small, and do not com- 
pletely fill the articular cavities, which are partly covered by 
membrane ; all the tarsi are three-jointed. The basal joint, when 
looked ai beneath, is seen to bear three successively placed pads, 
so that from beneath the tarsi look as if they were five-jointed 


^ So/mw. fFien, L 1886^ p. 175. 
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Fto. 168. — Hind leg of Porthetia Bp. 
TraasvaAl. 


(Fig. 185, C). The hind legs are occasionally very long; their 
femora, thicker towards the base, are generally peculiarly sculp- 
tured, bearing longitudinal ridges or grooves, which are more 

or less spinose, and are also 
very frequently marked with 
short parallel lines meeting a 
central longitudinal line at 
similar angles, so as to give 
rise to a well-marked pattern ; 
where the legs are broader 
the pattern is more complex 
(Fig. 168). The long tibiae 
bear two rows of spines on 
their upper or posterior edge ; 
this part of the bind leg can 
be completely bent in under 
the femur. The stigmata consist of one prothoracic, one meta- 
thoracic, and eight abdominal pairs. 

In reference to the ocelli, which are shown in Fig. 166, we 
may remark that the Acridiidae is one of the large groups of 
Insects in which the coexistence of compound and single eyes is 
most constant, though in some of the wingless forms the ocelli 
are very imperfect. We know at present of nothing in the 
habits of Acridiidae to render two kinds of eyes specially neces- 
sary’. We shall subsequently see that a similar condition in 
regard to the function of hearing is believed to exist in this 

family. 

Acridiidae are remarkable amongst the Orthoptera for the 
possession of air sacs or vesicular dilatations in the interior of the 
Insect in connexion with the tracheae (Fig. 176). Such vesicles 
are found in many of the higher winged Insects, but not in larval 
forms, or in those that are destitute of powers of flight. 
no doubt, assist the Insect in its movements in the air. The body 
of a large grasshopper or locust is naturaUy of considerabte 
weight, and it is more than probable that true flight <»n o^y be 
accomplished when these vesicles are dilated and filled with air. 
The exact mode in which the sacs are dilated is not kno^; 
possibly it may be accomplished by the elasticity of the struc 
S- the vesicles coming into action when the other contents of the 

» Newport, Tr. Linn. Soc. xx. 1851, p. 419. 
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body are not completely developed, or are temporarily diminished. 
Although air vessels are absent in the neighbouring groups of 
Orthoptera. Dufour says they are present even in apterous forms 
of Acridiidae, but he gives no particulars.' Packard has given 
an account ® of the arrangement of these remarkable sacs in the 
Eocky Mountain Locust. He finds that there are two sets : a 


thoracic group, consisting of a pair of very large size, with which 
are connected some smaller sacs placed in the head ; and an 
abdominal set, which forms a very remarkable series. The 
figures we give (Fig. 176, A, B) show that these sacs are of such 
large size that if fully distended they must interfere with the 
development of the ovaries, and that they must be themselves 
greatly diminished, if not obliterated, by the distension of the 
alimentary canal We may look on them 
as only coming into full play when the 
normal distension of the canal is prevented, 
and there is only small development of the 
reproductive organs. Under such circum- 
stances the locust becomes a sort of balloon, 
and migrates. In addition to the air sacs 
there are many dilatable tracheae, placed 
chiefly in parts of the body where there is 
not space for the large air sacs. These are, 
for the sake of clearness, omitted from our 
figure. 

The ganglia constituting the brain are 
simpler in Acridiidae than they are in the 
higher Insects, such as bees and wasps, and 
have been specially studied by Packard * 
and Yiallanes.* The other ganglia of the Fto. 169.— Ovaries of 
nervous cord are eight in number, three 

thoracic and fi.Ye abdominal. appendage ; e, sebific 

The aaUvary glanda are amall. The 
alimentary canal is capacious but not 
coiled. It has no gizzard, but the crop has a peculiar structure, 
apparently as a substitute. There are diverticula connected 
with the true stomach. The Malpighian tubes are elongate 



* Jf«m. jic, Scu J^ran^. viL 1834, p. 274. 

* Firtt Ann. Rep. U.S. RnL Cptnm. 1678, p. 271. 

* Ap. U.S. Ent. Comm, it 1880, p. 228. * Ann. Sci. Nat. (7) iv. Zool 1887. 
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and extremely numerous. The pair of testes is united in a 
single envelope. The form and arrangement of the ovaries 
is remarkable (Fig. 169); the egg- tubes are united by the con- 
vergence of their terminal threads into a single mass ; outside of 
each ovary there extends a large calyx, into which the tubes 
open ; each calyx is prolonged at its extremity, and forms a long, 
convoluted tube. 

Acridiidae possess structures for the production of sound, together 
with others that are, no doubt, for hearing. The chirping of grass- 
hoppers is accomplished by rubbing together the outer face of the 

upper wing and the inner face of the hind 
femur. This latter part bears a series of 
small bead -like prominences placed on 

_ , , . . the upper of the two lower ridges that 

Fio. 1/0. — Inner fac« of femur 

of sunoboOinu, male, ^un along the Bide that is nearest to the 
Serfs''* body (Fig. 170); the tegmen or wing-case 
magnified three times.) " has projecting veins, one of which is 

slightly more prominent, and has a sharp 
edge ; by scraping this edge over the beads of the femur the wing 
is thrown into a state of vibration and a musical sound is produced. 
The apparatus for producing sound was for long supposed to be 
conhned to the male sex of grasshoppers; it was indeed known 
that females made the move- 
ments appropriate for producing 
music, but as they appeared to 
be destitute of instruments, and 
as no sound was known to 
follow from their efforts, it was 
concluded that these were 
merely imitative. Graber has, 
however, discovered * that rudi- 

mentary _mu_sical_ organs do ^ 

fh>m the nrfece of the femur of SUncoo- 
ihrus m^lancpUms, male ; B, eame of the 
fenule. Highly nu^fled. (After Oreber.) 



f' A* 


exist in the females of various 
species of Stenohothnis (Fig. 

171, B), It is true that in 
comparison with those of the male (Fig. 171, A) they are 
minute, but it would appear that they are really phonetic, 
though we can hear no sounds resulting from their use. 

Graber considers that the musical pegs of Acridiidae are 

> Verh. 2 ool.-hot. Ots. Wien, xxi. 1871, p. 1097. 
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modiiied bairs, and he states that in certain females the stages 
intermediate between hair and peg can be found. There is 
apparently much variety in the structure of tliese instruments in 
different species, and even in individuals of the same species. 
In StenohotliT^ lineatus, instead of pegs, the instrument consists 
of raised folds. 

In some of the aberrant forms of Acridiidae — certain Eremo- 
biides and Pneumorides — the males are provided with sound- 
producing instruments different to those we have described, both 
as regards situation and structure. 

If the dorsal aspect of the first segment of the hind body of 

an Acridiau Insect be carefully examined there may be seen in 

the majority of species an organ which has 

somewhat the appearance of an ear (Fig. 172), 

and wliich there is great reason for belie^^ng to 

be really an organ of that nature. It is situate 

a little over the articulation of the hind leg, 

very close to the 

spot where the /l^j*”,^***?*® 

^ of bodyofPacAy- 

SOUnd IS, as above tyluj nigro/atd- 

described, produced. 

^ tympanum,^. 

There are three (After Bmnner.) 





forms of these Acri- 
dian ears as described by Brunner:^ 
(1) a membrane surrounded by a 
rim ; (2) the membrane somewliat 
depressed, a portion of the segment 
projecting a little over it ; (3) the 
«.lepression very strongly marked, 
and the sides projecting over it so 
much that all that is seen externally 
is a sort of broad slit with a cavity 
beneath it. This last is the con- 


Fio. nz. — MecosUiAuj groMus: A, <^ition in which the ear exists in 

insMt with wings expanded; B, the genera ^fec 08 tethus (Ficr 173'\ 
profile of head and prothorax. j ° ' 

(After Brunner.) and bteixobothrus, which are among 

our few native grasshoppers. Oii 

minute examination this ear proves to consist of a tympanum 

supplied internally with nerve and ganglion in addition to 


* Verh, tool.-hot. Oe*. JFUn, xxit. 1874, p. 286. 
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muscles, and tracheal apparatus of a complex nat\ire ; it is no 
doubt delicately sensitive to some forms of vibration. Unlike 
the stridulating organ, these ears exist in both sexes ; they are 
found in a great majority of the species of Acridiidae. The 
forms in which the ears are absent are usually at the same time 
wingless and destitute of organs of stridtilation ; but, on the other 
hand, there are species — some of them wingless — that are, so far 
as is known, incapable of stridulation and yet possess these ears. 

It is, indeed, a matter of great difficulty to decide as to the 
exact function of these ear-like acoustic organs, which, we may 
remind the reader, are peculiar to the saltatorial Orthoptera, and 
we must refer for a full discussion of the subject to Graber’s 
masterly works,' contenting ourselves with a brief outline, which 
we may commence by saying that the Orthoptera with ears are 
believed to be sensitive to sounds by means other than these 
organs. This suggests that the latter exist for some purjwse 
of perception of special sound. But if so what c<in this be i 
Only the males possess, so far as we know, effective sound- 
producing organs, but both sexes have the special ears ; more- 
over, these structures are present in numerous species where 
we do not know of the existence of phonetic organs in either 
sex. Thus it appears at present impossible to accept these 
organs as b^ng certainly special structures for the perception 
of the music of the species. It is generally thought that the 
females are charmed by the music of the males, and that these 
are stimulated to rivalry by the production of the sounds ; and 
Dufour 2 has suggested that this process reacts on the physio- 
logical processes of the individual. There has not been a sufficient 
amount of observation to justify us in accepting these views, and 
they do not in any way dispose of the difficulty arising from the 
existence of the acoustic organs in species that do not. so far as 
we know, produce special sounds. It is possible that the solution 
of the difficulty may be found in the fact that these apparently 
dumb species do reaUy produce some sound, though we are qmte 
ignorantas to their doing so. It is well known that sounds 
inaudible to some human ears are perfectly distinct to othera 
Tyndall, in his work on Sound, has illustrated this by a fact that 
is of special interest from our present point of view. " Crossing 

> Denk. Ak. iVUn, xxxvi. 1875 : Arch. mikr. 

» Mem. Ac. Sei. £trang. vii. 1834, p. 306. 
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the Wengern Alp with a friend,” he says, “ the grass on each side 
of the path swarmed with Insects which to me rent the air with 
their shrill chirruping. My friend heard nothing of this, the 
Insect world lying beyond his limit of audition.” If h uman 
ears are so different in their capacities for perceiving vibrations, it 
of course becomes more probable that auditory organs so differently 
constituted as are those of Insects from our own may hear sounds 
when the best human ear can detect nothing audible. On the 
whole, therefore, it would appear most probable that the Orthoptera 
provided with acoustic organs, and which we consider dumb, are 
not really so, but produce sounds wo cannot hear, and do so in 


some manner unknown to us. If this be the case it is probable 
that these ears are special organs for hearing particular sounds. 

Scudder, who has given considerable attention to the subject 

of Orthopteran music, says that in N. America “ the uniformity 

with which each species of Stenohothrua plays its own song is 

quite remarkable. One kind, Stenohothrua curtipennis. produces 

about SIX notes per second, and continues them from one and a 

half to two and a half seconds; another, S. melanopleurus. makes 

from mne to twelve notes in about three seconda In both 

cases the notes follow each other uniformly, and are slower in the 
shade than in the sun/' 


Some of the e^ies of Acridiidae. it should he noticed, produce 
a nome during their flights through the air, due to the friction 

^t malr®';- importance, or whether 

It iMy be entirely incidental, has scarcely yet been considered. 

Information of a satisfactory kind as to the pos^embryonic 

development of the Acridiidae is but scanty. We have repre- 

a migratory locust. 

U Brongmart,' whose stateLnt 

IS confirmed by Lestage and other naturalists. Imniediatelv 
on leaving the egg the young locust casts its aldu. and is then 
of a oWr green colour, but it rapidly becomes broivn and in 
twelve hours is black. At this eari; age the gra^i„“ 

^et, poss^d by this and some other species o7"id^ 
becomes evident. In six days the mdividuS^dergoeTa 

with ■ ^ wi^white and 

with a roscMioloured streak on each side of the hind body ^e 

‘ BtUt. Soc. BhihnuUK (8) t. 1893, p. 5. 
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third ecdysis occurs in six or eight days after the second ; the 
rose colour becomes more distinct, and the head is of a brown tint 
instead of black. After eight days the fourth ecdysis occurs- 
the creature is then about 35 millimetres long; its colour has 
much changed, the position of the markings is the same, but the 
rose colour is replaced by citron yeUow, the line of the spiracles 
is marked with white, and at this time the creature has the “ first 
rudiments of wings,” and is very voracious. In ten days another 
ecdysis takes place, the yellow colour is more vivid, the prothorax 
is definitely speckled with white, and the hind body is increasing 



c‘ 


Fio. 174.— Development of wings in CalcpUnu$ iprtixu : the upper row gives a lateral 
view of the thoracic segments) and the lower row a doraa] view of these eegmenta ; 
1, second ioetar \ % third instar ; 3» fourth inatar ; 4» fifth Inetar. (After Rilej.) 
tj legmen \ wing. 


much in size. In fifteen or twenty days the sixth moult occurs, 
and the Insect appears in its perfect form ; the large tegmina 
now present are marked with black in the manner so well known, 
and the surface generally is variegated with bluish and rosy marks. 
Although this is the colour in Algeria, yet apparently it is not 
so farther south ; the Insects that arrive thence in the French 
colony are on some occasions of a different colour, viz. reddish or 
yellowish, those of this latter tint being, it is believed, older 
specimens of the reddish kind. M. Brongniart jwints out that 
some Phosmidae — of the Phyllium, groups— undergo an analogous 
series of colour-changes in the coui-se of the individual develop- 
ment, though other species do not 
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Riley and Packard have given an account ^ of some parts of the 
post-embryonic development of the Rocky Mountain Locust, which 
enables us to form a satisfactory conception of the stages of de- 
velopment of the wings. Fig. 175, A, represents the first instar 
the young locust, just emerged from the egg and colourless. Fig. 
174 shows some of the subsequent stages of development of the 
wings, the upper line of figures giving a profile view of the 
thoracic segments, and 
the lower line showing 
their dorsal aspects ; 1 
shows the condition of 
the parts in the second 
instar, the chief difier- 
ence from the first instar 
being the development 
of colour ; in the third 
instar there is an evident 
slight development of 
the future alar organs, 
exhibited chiefly in the 
outgrowth and lobing 
of the free posterior 
angles of the meso- and 
metanota, aa shown in 
Fig. 174, 2. After the 
third moult there is a 
great difference ; the in- 
star then disclosed — 
the fourth — has under- 
gone a considerable 
change in the position ^75. — Caloptenut tprttm. North America. A. 

of the meso- and meta- RUcT)"^ magnified ; B. adult, natural 

thoraces, which are 

thrust forward under the pronotum ; this has become more enlai^ 
and hood-like (Fig. 174, 3) ; at the same time the wing-rudiments 
have become free and detached, the metathoracic pair being the 
larger, and overlapping the other pair. The fifth instar (Fig. 1 74, 
4) differs but little from the fourth, except in the larger size of the 
pronotum and wng-rudiments. The sixth — shown in Fig. 175, B 

* Pint Ann. JUp. U.S. Ent. Comm. 1878, p. 278. 
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— is the perfect Insect, with the alar organs free and large, the 
prothorax much changed in form, the colour difterent. Prom the 
above it will be seen that the chief changes occurred at the third 
and lifth ecdyses. after each of which a considerable difference in the 
form of the Insect was revealed. In the first three iustars the 
sexes can scarcely be distinguished, in the fourth they are quite 
distinct, and in the fifth coupling is possible, though usually it 
does not occur till the final stage is attained. 

The discovery that Orthoptera change their colours in the 
cour.se of their development, and even after they have become 
adult, is important, not only from a physiological point of view, 
but because it throws some light on the questions as to the 
number of species and the geographical distribution of the 
migratory locusts, as to which there has existed a great confusion. 

The Acridiidae are considered to be exclusively vegetable 
feeders, each individual consuming a very large quantity of food. 
The mode in which the female deposits her eggs has been 
described by Riley,^ and is now widely known, his figures having 
been frequently reproduced. The female has no elongate ovi- 
positor, but posses.ses instead some hard gonapophyses suitable for 
digging purposes ; with these she excavates a hole in the ground, 
and then deposits the eggs, together with a quantity of fluid, in 
the hole. She prefers hard and compact soil to that which is 
loose, and when the operation is completed but little trace is left 
of it. The fluid deposited with the eggs hardens and forms a 
protection to them, corresponding to the more definite capsules of 
the cursorial Orthoptera. 

The details of the process of oviposition and of the escape of 
the young from their imprisonment are of much interest. Accord- 
ing to Kunckel d’Herculais* the young StauronotxLS maroccanus 
escapes from the capsule by putting into action an ampulla 
formed by the membrane between the head and the thorax ; this 
ampulla is supposed to be dilated by flmd from the body cavity, 
and is maintained in the swollen condition by the Insect accumu- 
lating air in the crop beneath it. In order to dislodge the lid of 
the capsule, six or .seven of the young ones inside combine their 
efforts to push it off by means of their ampullae. The ampulla 


' Rep. 1)14. Missouri, ix. 1877, p. 86. 

* Bull. Soe. ent. France (6), x. 1890, p. xxxriL, aod CR. Ac. Paris, cx. 1890, 
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subsequently serves as a sort of reservoir, by the aid of which the 
Insect can diminish otheV parts of the body, and after emergence 
from the capsule, penetrate cracks in the earth so as to reach the 
surface. Immediately after doing this the young Stauronotus 
moults, the skin it casts being called by Ktinckel an amnios. 
The cervical ampulla reappears at subsequent moults, and enables 
the Insect to burst its skin and emerge from it. 

The process is apparently different in Ccdoptenus spretus, 
which, according to Eiley, ruptures the egg-shell and works its 
way out by the action of the spines at the apex of the tibiae. 
This latter Insect when it emerges moults a pellicle, which Eiley 
considers to be part of the embryonic membranes. 

Eiley states that a female of Caloptenus spretus makes several 
egg-masses. Its period of ovipositing extends over about 62 
days, the number of egg-masees being four and the total number 
of eggs deposited about 100. The French naturalists have 
recently observed a similar fact in Algeria, and have ascertained 
that one of the migratory locusts — Schxstocerca peregrina — may 
make a deposit of eggs at more than one of the places it may 
alight on during its migration. 

It has l>een ascertained that the eggs of Acridiidae are very 
nutritious and afford sustenance to a number of Insects, some of 
which indeed appear to find in them their sole means of subsist- 
ence. Beetles of the family Cantharidae frequent the localities 
where the eggs are laid and deposit their eggs in the egg-masses 
of the Orthoptera, which may thus be entirely devoured. Two- 
winged flies of the family Bombyliidae also avail themselves of 
these eggs for food, and a mite is said to be very destructive to 
them in North America, Besides being thus destroyed in 
enormous quantities by Insects, they are eaten by various birds 
and by some mammals. 

Most of the Insects called locusts in popular language are 
members of the family Acridiidae, of which there are in different 
parts of the world very many species, probably 2000 being 
already known. To only a few of these can the term Locust be 
correctly applied. A locust is a species of grasshopper that 
occasionally increases* greatly in number, and that moves about in 
swarms to seek fresh food. There are many Orthoptera that 
occasionally greatly increase in numbers, and that then extend 
their usual area more or less; and some Acridiidae multiply 
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locally to a great e.xtent — very often for one or two seasons only, 
and are tlien called locusts. The true migratory locusts are 
species that have gregarious habits strongly developed, and 
that move over considerable distances in swarms. Of these there 
are but few species, although we hear of their swarms in many 
parts of the world 

The migratory locusts do much more damage than tlie endemic 
species. In countries that are liable to their visitations they 
have a great influence on the prosperity of the inhabitants, for 
they appear suddenly on a spot in huge swarms, which, in the 
space of a few hours, clear off' all the vegetable food that am Ihj 
e<iten, leaving no green thing for beast or man. It is difficult 
for those who have not witnessed a serious invasion to realise tlie 
magnitude of the event. Large swarms consist of an almost 
incalculable number of individuals. A writer in Nature^ states 
that a flight of locusts that passed over the Red Sea in Noveml)er 
1889 was 2000 square miles in extent, and he estimated its 
weight at 42,850 millions of tons, each locust weighing of an 
ounce. A second similar, perhaps even larger, flight was seen 
passing in the same direction the next day. That such an 
estimate may be no exaggeration is rendered proljable by other 
testimony. From official accounts of locusts in Cyprus we find that 
in 1881,'^ up to the end of October, 1,600,000,000 egg-cases had 
been that season collected and destroyed, each case containing a 
considerable number of eggs. By the end of the season the weight 
of the eggs collected and made away with amounted to over 1300 
tons, and, notwithstanding this, no less than 5,076,000,000 egg- 
cases were, it is believed, deposited in the island in 1883. 

AVhen we realise the enormous number of individuals of which 
a large swarm of locusts may consist we can see that famine is 
only a too probable sequence, and that pestilence may follow as 
it often has done — from the decomposition of the bodies of the 
dead Insects. This latter result is said to have occurred on some 
occasions from locusts flying in a mass into the sea, and their 
dead bodies being afterwards washed ashore. 

Locust swarms do not visit the districts that are subject to 
their invasions every year, but, as a rule, only after intervals of 
a considerable number of years. It has been satisfactorily 

* Carrutkers io Naiurt, xli- 1889, p. 153. 

Blue-book, C, 4960, 1887 ; and P. erU. Soc. London, 1881, p. xxxTiii. 
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ascertained that in both Algeria and North America large swarms 
occur usually only at considerable intervals. In North Americ;i 
Riley thought * the average period was about eleven years. In 
Algeria the first invasion that occurred after the occupation of 
the country by the French was in 1845, the second in 1864, 
the third in 1866, since which 1874 and 1891 have been 
years of invasion. These breaks seem at first strange, for it 
would be supposed that as locusts have great powers of increase, 
when once they were established in any spot in large numbers, 
there would be a constant production of superfluous individuals 
which would have to migrate as regularly as is the case with 
swarms of bees. The irregularity seems to depend on three facts : 
viz. that the increase of locusts is kept in check by parasitic 
Insects ; that the eggs may remain more than one year in the 
ground and yet hatch out when a favourable season occurs ; and 
that the migratory instinct is only effective when great numbers 
of superfluous individuals are produced. 

It is not known that the parasites have any power of re- 
maining in abeyance as the locust eggs may do ; and the bird 
destroyers of the locusts may greatly diminish in numbers during 
a year when the Insects are not numerous; so that a dispro- 
portion of numbers between the locusts and their destroyers may 
arise, and for a time the locusts may increase rapidly, while the 
parasites are much inferior to them in numbers. If there should 
come a year when very few of the locusts hatch, then the next 
year there will be very few parasites, and if there should then be 
a large hatching of locusts from eggs that have remained in 
abeyance, the parasites wiU not be present in sufficient quantity 
to keep the destructive Insects in check ; consequently the next 
y^r the increase in number of the locusts may be so great as to 
give rise to a swarm. 

It is well established that locusts of the migratory species 
exist in countries without giving rise to swarms, or causing any 
wrious injuries ; thus PackyUjlus ciiurascens — perhaps the most 
important of the migratory locusts — is always present in various 
lo^ti^ in Belgium, and does not give rise to swarms. When 
migi^tion of locusts does occur it is attended by remarkable 
manifestations of instinct. Although several generations may 
elapse without a migration, it is believed that the locusts wh' . 

’ lUp. Eniomolofiit, 1885, p. 229. 
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they migrate do so iu the direction taken by predecessors. 

Their movements are to a large ex- 
tent dependent on the wind, and it 
is said that they make trial flights 
to ascertain its direction. \Vlien on 
the wing probably very little mus- 
cular effort is necessaiy. Their 
bodies contain elastic air sacs in 
communication with the tracheae, 
and at the time of flight it may be 
presumed that the body is compara- 
tively empty, food being wanting, 
and the internal organs of repro- 
duction, which occupy a large space 
when in activity, yet undeveloped, 
hence the sacs have full room for 
expansion, as explained on p. 283. 
A Thus the Insects exert but little 

Fio. 176. — Portions of body of effort in their aerial movements, and 
orSrr^!‘“(Mo.il‘aed ’,r„: are, it is believed, chiefly borne by 

Packard.) A, Dorsal aspect of the wind. Should this become uu- 

-- favourable it is said that they aUght 
largements of tracheae in head ; wait for a change. 

t ^ o^n th^nS»rtraS of The Diost obscuTC point in the 
abdomen ; spiracles, natural his^ry of the migratory 

locusts appears to be their disappearance from a spot they 
have invaded. A swarm will alight on a locality, deposit there 
a number of eggs, and then move on. But after a lapse of a 
season or two there will be few or none of the species present 
in the spot invaded. This appears to be partly due to the young 
locusts dying for want of food after hatching ; but in other cases 
they again migrate after growth to the land of their ancwtors. The 
latter fact is most remarkable, but it has been ascertained by the 
U.S. Entomological Commission that these return swarms do occur. 

In South Africa it would appear that the movements of 
the migratory locusts are frequently made before the Insects ha^e 
acquired their wings. Mrs. Barber, in an account of “ Lrouste and 
Locust-Birds in South Africa,” ' has illustrated many points m the 

» Tr. S. A/r. Phil. Soc. i. 1880, p. 193. The species u thought to be Pachytylus 
sulciccllis StSle 
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Natural Historj' of these Insects. The South African species mani- 
fests the gregarious and migratory disposition when the individuals 
are quite young, so that they travel in flocks on foot, and are called 
by the Dutch “ Voetgangers.” Afur hatching, the various families 
of young amalgamate, so that enormous numbers come together. 
Having denuded the neighbourhood of all iU food-supplies, they 
move off in search of fresh crops and pastures new. They take advan- 
tage of roads, and sometimes a good many miles will be traversed in 
a day; they proceed by means of short leaps.rapidly repeated. When 

the “ Voetgangers ” are thus returning northwards towards the 
lands in the interior from which their progenitors departed, no 
obstacles can stay their course. Forests or rivers may intervene, 
diverting them for a while from their line of march, but they 
succeed ultimately in continuing their journey to the interior. 

The manner in which these wingless locusts occasionally cross 
broad rivers is interesting, as it has some bearing on the 
difficult question of the possibility of winged locusts crossing seas 
of considerable width. Mrs, Barber refers to an instance that 
took place on the Vaal River in the spring of the year 1871, 
shortly after the discovery of the Diamond-fields. The country 
was at that time swarming with young locusts ; ever)’ blade of 
grass was cleared off by them. One day a vast swarm of the 
“ Voetgangers ” made their appearance on the banks of the Vaal 
River ; they appeared to be in search of a spot for crossing, 
which they could not find, the river being somewhat swollen. 
For several days the locusts travelled up the stream ; in the 
course of doing this they paused for some time at an abrupt 
bend in the river where a number of rocks were cropping out, 
as if in doubt whether to attempt a passage at this place. They, 
however, passed on, as if with the hope of finding a better ford ; 
in this apparently they were disappointed, for three days after- 
wards they returned to the same bend of the river, and there 
plunged in vast multitudes into the stream, where, assisted by a 
favourable current and the sedges and water-plants which grew 
upon the projecting rocks, they managed to effect a crossing, 
though great numbers were drowned and carried away by the 
flooded river. Mra. Barber adds that Voetgangers have been 
known to attempt the passage of the Orange River when it was 
several hundred yards in breath, pouring their vast swarms into 
the flooded stream regardless of the consequences, until they 
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became heaped upon each other in large bodies. As the living 
mass in the water accumulated, some portions of it were swept 
away by the strong current from the bank to which they were 
clinging, and as the living locusts tightly grasped each other and 
held together, they became floating islands, the individuals con- 
tinually hopping and creeping over each other as they drifted 
away. Whether any of the locust-islands succeeded in reaching 
the opposite bank is unknown ; probably some of them were 
drifted on land again. They are by no means rapid swimmers ; 
they do not perish easily in the water when in masses, their 
habit of continually changing places and hopping and creeping 
round and round upon each other being very advantageous as a 
means of preservation. It is a common practice for the young 
locusts to form a bridge over a moderately broad stream by 
plunging indiscriminately into it and holding on to each other, 
grappling like drowning men at sticks or straws, or, in fact, 
anything that comes within their reach, and that will assist in 
floating them ; meanwhile those from behind are eagerly pushing 
forward over the bodies of those that are already in the stream 
and hurrying on to the front, until at length by this process 
they reach the opposite bank of the river ; thus a floating mass 
of living locusts is stretched across the stream, forming a bridge 
over which the whole swarm passes. In this manner few, 
comparatively speaking, are drowned, l)ecause the same in- 
dividuals do not remain in the water during the whole of the 
time occupied by the swarm in crossing, the Insects continually 
changing places with each other ; those that are beneath are 
endeavouring to reach the surface by climbing over others, whilst 
those above them are, in their turn, being forced below. Locusts 
are exceedingly tenacious of life, remaining under water for a 
considerable time without injury. An apparently drowned locust 
will revive beneath the warm rays of the sun, if by chance it 
reaches the bank or is cast on shore. Mrs. Barber relates an 
interesting case where the instinct of the « Voetgangers " was at 
fault, they plunging into a river from a steep sandy bank, only 
to find another similar sandy precipice on the other side. On this 
they could gain no footing, and all perished in the str^m, where 
they putrefied, and caused the death of the fish, which flw 
likewise on the surface; so powerful were the effluvia produced 
that no one was able to approach the river. 
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Locusts are able to travel considerable distances, though how 
far is quite uncertain. Accounts vary as to tlieir moving by 
night. It has, however, been recently proved that they do 
travel at night, but it is not ascertained how lung they can 
remain in the air without descending. The ocean is undoubtedly 
a source of destruction to many swarms ; nevertheless, they 
traverse seas of considerable width. They have been known 
to reach the Balearic Islands, and Scudder gives ^ a well-authen- 
ticated case of the occurrence of a swarm at sea. On the 
2nd of November 1865 a ship on the voyage from Bordeaux 
to Boston, when 1200 miles from the nearest land, was in- 
vaded by a swarm of locusts, the air and the sails of the ship 
being filled with them for two days. The species proved to 
be Acridium (Schistocerca) peregi'inum. This is an extra- 
ordinary case, for locusts do not fly with rapidity, being, indeed, 
as we have remarked, chiefly carried by the wind. Possibly 
some species may occasionally rest on the water at night, pro- 
ceeding somewhat after the fashion of the “ Voetgangers " when 
passing over rivers as described by Mrs. Barber. In Sir Hans 
Sloane’s history of Jamaica an account of an occurrence of this 
kind is given on the authority of Colonel Needham, who states 
that in 1649 locusts devastated the island of Tenerife, that they 
were seen to come from Africa when the wind was blowing thence, 
that they flew as far as they coiUd, then aljglited on the water, 
one on the other, till they made a heap as big as the greatest 
ship, and that the next day, being refreshed by the sun, they took 
flight again and landed in clouds at Tenerife. De Saussure says ■ 
that the great oceans are, as a rule, impassable barriers, and that 
not a species of the tribe Oedipodides has passed from the Old 
World to the New. It is, however, possible that Acridium pere- 
(jrinum, of the tribe Acridiides, may have originally been an inhabi- 
tant of America, and have passed from thence to the Old WorUI. 

The species of Acridiidae that have been ascertainetl to be 
migratory are not numerous.’ The most abundant and widely 
distributed of them is Packytylua cuierasceris (Fig. 177), which 
has invaded a large part of the Eastern hemisphere, extending 
from the Atlantic Ocean to China. It exists in numerous spots 

• CJt. Soe. ejit. Belgique, xxi. 1878, p. 5. 

* AddU. ad Brodromum Oedipodiantm, 1888, p. 12. 

^ See Redtenbacher, Vher Wanderheu3Areeken,iaJahrt3ber. BeaUehule Budieeis,\&^Z. 
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in the Oriental region and the Asiatic Archipelago, and even in 
New Zealand. It is the commoner of the locusts of Europe. Its 
congener, P. miffratorius, is much less widely distributed, its 

migrations being, according to 
de Saussure, limited to Turke- 
stan and Eastern Europe. A 
third species, P. migratorx- 
oides, inhabits Eastern Africa, 
and a variety of it is the 
Yolala ” or locust of Mada- 
gascar. Air. Distant has in- 
formed the writer that this 
migratory locust is found in 
South Africa. P. (OedaleuB) 
marmoratu8 has almost as wide a distribution in the Eastern 



Fic. 177. — Europeau migratory locust, 
JPachytylits einertueens ?. 


hemisphere as P. cinerascens, except that it is more exclusively 
tropical ; it is thus excluded from New Zealand. P. (Oedaleus) 
nigrofasciatus has a more northern distribution than its congener, 
but has extended to Africa and the Asiatic Archipelago. This 
Insect is so variable that the distinctions of its races from other 
species of the same genus are not yet clear. All the above- 
mentioned locusts belong to the tribe Oedipodides. Aeridium pere^ 
grinum, now more frequently called Sckistocerca peregrina, belongs 
to the tribe Acridiidea It is a large locust (Fig. 84), and has 
a wide distribution. It is the chief species in North Africa, and is 
probably the locust of the plagues of Egypt mentioned in the 
book of Exodus. It is also, according to Cotes,^ the chief locust 
of North-West India. In this latter coimtiy Pachyiylus ciner- 
(tscens and some other species also occur. With the exception of 
S. peregrina, the species of the genus Schistocerca are confined to 
the New World. In North America locusts are more usually 
called grasshoppera Several species of the genus Caloptenvs are 
injurious in that country, but the chief migratory species is C. 
spretus (Fig. 175). This genus belongs to Acridiidea A large 
locust, Schistocerca americana, is also migratory to a small extent 
in the United States. In South America other species of Schi»- 
tocerca are migratory ; it is not known how many there may be, and 
it is possible that one or more may prove to be the S. peregrxna 
of the Old World. A ChiUan species, according to Mr. E. C. Keed,* 


» J. Bombay N. H. Soc. viiL 18M, p. 120. * erU. Soe, London, 1893, p. x*i 
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exhibits distinctions of colour similar to those that have been 
observed in S. -peregrina in Algeria. 

In Britain weare now exempt from the ravages of locusts, thougli 
swarms are said to have visited England in 1693 and 1748. 


Individuals of the migrator}' species are, how- 
ever, still occasionally met with in England 
and the south of Scotland. P. cinerascejis has 
been recorded from KeiTy in Ireland, but 
erroneously, the Insect found being ^fecos- 
tethus grossus (Fig. 173). According to Miss 
Onnerod,* large locusts are imported to this 
country in fodder in considerable numbers, 
but are usually dead ; living individuals are, 
however, sometimes found among the others. 
In 1869 living specimens of Schistocerca 
peregrina were found in various parts of the 
country, having, in all probability, arrived 
here by crossing the German Ocean. Pochy- 
tylus cincrascens has also, it is believed, 
occurred here, the specinaens that have been 
recorded at different times under the name of 
P. migratarius being more probably the former 
species. 

Although the majority of the very large 
number of species includ^ in Acridiidae are 
recognised with ease from their family like- 
ness as belonging to the group, yet there are 
others that present an unusual aspect. This 
is specially the case with the members of the 
small tribes Tettigides, Proscopides, and 
Pneumorides, and with some of the apterous 
forms of the Oedipodides. The tribe Pros- 
copides (Fig. 178, Cejphcdocoema lineata, 
female) includes some of the most curious of 
the Acridiidae. Breitenbach gives® a brief 
account of the habits of certain species which 
he met with near Porto Alegre in South 
America. On a stony hill there was some 



Fic. 178 .. — Ctphalocoema 
fomole. x|. 
S. Atuerica. (After 
Bruuudi.) 


grass which, by several months’ exposure to the sim’s rays, had 


* %». injurious InsuU, xvii. 1893, p. 47. * E-nt. Naehricht. viH. 1882, p. 160. 
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become withered and brown. Apparently no live thing was to 
seen on this hillock except the ubiquitous ants, but after a while 
he noticed some " lightning-like ” movements, which he found were 
due to specimens of Proscopia. The Insects exactly resemble the 
withered vegetation amongst which they sit, and when alarmed 
seek safety with a lengthy and most rapid leap. When attention 
was thus directed to them he found the Insects were really 
abundant, and was often able to secure fifty specimens on a single 
afternoon. These Insects bear a great general resemblance to the 
Phasinides, but there is no evidence at present to show that the 
two kinds of Insects live in company, as is the case with so many 
of the Insects that resemble one another in appearance. Although 
the linear form and the elongation of the body are common to the 
stick-insects and the Proscopides, yet this structure is due to the 
growth of different parts in the two families. In the Phasmidae 
the prothorax is small, the mesothorax elongate, while in the 
Proscopides the reverse is the case. The elongation of the head 
is very curious in these Insects ; the mouth is not thus brought 
any nearer to the front, but is placed on the under side of the 
head, quite close to the thorax. The tribe Tryxalides contains 
Insects (Pig. 165) that approach the Proscopides in the form of 
tlie head and other characters. In most cases the sexes of the 
Proscopides differ from one another so strongly that it is difficult 
to recognise them as being of the same species. Usually both 
sexes are entirely apterous, but the Chilian genus A&troma 
exhibits a remarkable exception and an almost unique condition 
of the alar organs, the mesonotum being in each sex entirely 
destitute of such appendages, while the female has on the meta- 
notum rudiments of wings which are absent in the male. 

The tribe Tettigides is a very extensive group of smaU 

Acridiidae, in which the 



pronotum extends back- 
wards as a hood and 
covers the Ixxly, the 
tegmina and wings 

Briuio. A. TO. ln«=t being more or less m^- 
magniBed ; part of th« middle of the body \ a, fied* In OUT UritlSll 
prolongatioo of pronotum ; b, tegmen ; e, wing. (Fig. 179) this 

condition does not greatly modify the appearance of the Insect, 
but in many exotic species (Fig. 180) the hood assumes remar ' 
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able developments, so that the Insects have no longer the appear- 
ance of Orthoptera, It would be impossible, without the aid of 
many figures, to gi^’e an idea of the 
variety of fonns assumed by this 
prothoracic expansion. It is a repe- 
tition of what occurs in the Order 
Hemiptera, where the prothoracic 
hoods of the Membracides exhibit a 
similar, though even more extra- 
ordinary', series of monstrous forms. 

So great is the general similarity 
of the two groups that when the 
genus Xerophyllum (Fig. 180, A) 
was for the first time described, it 
was treated by the describer as 
being a bug instead of a grass- 
hopper. This genus includes several r,. . 

sneoips frntn Afr-in 'Ti, *10.180. Tettigidfs: A, 

species troin Africa. The curious «««* Fairm. j b, a<uionotWf,u,>i- 

Cladonotus (Fig. 180, B) is a native (AiUr Bolivar.) 

"*''**■ *“ ■" meadoyrs. aft^r the 

f^ashion of our indigenous species of Tettix (Fig. 179). ^'e^v 

little is known as to the habits of these curious Tettigides. but 

It has been ascertained that some of the genus Scelimena are 

amphibious, and do not hesitate to enter the water and swim 

about there ; indeed it is said that they prefer plants growing 

under water as food 
This habit has been 
observed both in Ceylon 
and the Himalayas. The 
species are said to have 
the hind legs proWded 
with dilated foliaceous 
appendages useful for 
swimming. 

The tribe Mastacides 
„ includes thirty or forty 

IBl, appa^ntt rr ^ 
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known, but are widely distributed in the tropics of the Old and 
New 'Worlds. Nothing whatever seems to be known of their 
habits or of their development. 

The tribe Pneumorides includes a still smaller number of species 
of very aberrant and remarkable grasshoppers, of large size, with 
short antennae, and with the pronotum prolonged and hood-like ; 
they are peculiar to South Africa. Although amongst the most 



Fia. 182 . — Pneumara tctUeUaris, female. 
South Africa. 


remarkable of Insects, we are 
not able to give any infor- 
mation as to their habits. 
It would appear from the form 
of their legs that they have 
but little power of hopping. 
The species of which we figure 
the female (Fig. 182) is very 
remarkable from the difference 
in colour of the sexes. The 
female is so extravagantly col- 
oured that she has been said 
to look as if “ got up " for a 
fancy-dress ball. She is of a 
gay green, with pearly white 
marks, each of which is sur- 
rounded by an edging of ma- 
genta ; the white marks are 
very numerous, especially on 
the parts of the body not 
shown in our figure ; the face 
has magenta patches and a 
large number of tiny pearly- 


white tubercles, each of which, when placed on a green j)art, is 
surrounded by a little ring of mauve colour. Though the female 
is certainly one of the most remarkably coloured of Insects, her 
consort is of a modest, almost unadorned green colour, and is con- 
siderably different in form. He is, however, provided with a 
musical apparatus, which it is possible may be a means o p eas- 
ing his gorgeous but dumb spouse. It consists of a ^ries o 
ridges placed on each side of the inflated abdomen, which, ^ we 
have previously (p. 200) remarked, has every appearance of being 
inflated with the result of improving its resonance. 
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The PjTgomorphides ^ is a small tribe of about 120 described 
species, two of which are found in the south of Europe (Fig. 183, 
J^yryomorpka grylloides). The tribe 
includes a number of large and curious 
Insects, among them the species of 
Fhymateus and Petaaia, with peculiar 
excrescences on the pronotum and 
vivid colours on some parts of the 
body or its appendages, which are 
apparently common Insects in South 
Africa. 

The tribe Tryxalides includes a 
great many species of grasshoppers. 

In them the front of the head joins 
the upper part at an acute angle 

(Figs. 165 and 173). This tribe and the Acridiides are the 

most numerous in species of the family. To the latter belong 

most of the migratory locusts of the New World (Fig. 175, 

Caloptenus spretus). A Spanish species of this tribe. £upre- 

pocnamis plorans. though provided with well -developed wings, 

possesses the remarkable habit of seeking shelter by jumping 

into the water and attaching itself below the surface to the 
stems of plants. 

The tribe Pamphagides^ includes some 200 species, found 
chieay m Africa and the arid regions near the Mediterranean 
bea. They are mostly apterous forms, and this circumstance has 




according to de Saussure, exercised a marked influence on the 
geographxMl distnbution of the species. Although the tribe 
consists chiefly of apterous forma, several species possess welP 

1 Bolivar, Ann. Soc. &p. xiu. 1884. p. 1 etc 

Monograph, de Sauasure. cntomclosica Oenavcnsia, pt. 2. G^eva. 1887. 
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developed wings ; sometimes this is the case of the male but 
not of tlie female. Some of the species are highly modified for 
a desert life, and exhibit a great variation in the colour of the 
individuals in conformity with the tint of the soil they inhabit. 
Xiphoeera asina (Fig. 184) is thought by Peringuey to be the 
prey of the extraordinary South African tiger-beetles of the 
genus Manticora. 

"SVe have already mentioned the tribe Oedipodides * as including 
most of the species of inigratorj’ locusts of the Old "World. Some 
striking cases of variation in colour occur amongst the winged 
Oedipodides. In certain species the hind wings may be either 
blue or ro.saceous in colour ; it is thought that the latter is the 
tint natural in the species, and that it is due to the mixture of 
a red pigment with the pale blue colour of the wing ; hence the 
blue-coloured wings are analogous to cases of albinism. But the 
most remarkable fact is lliat this colour difference is correlative 
with locality. Brunner von Watten^v}’l says * that the blue 
variety of Oe. variabilis occurs only in a few localities in Europe — 
he mentions Vienna and Sarepta, — and that where it occurs not 
a single red example can be met wth. Similar phenomena occur 
in other species in botli Europe and North America, and I* Bruner 
has suggested ^ that the phenomena in the latter country are 
correlative with climatic conditions. 

The group Eremobiens, a subdivision of Oedipodides, includes 
some of the most interesting forms of Acridiidae. Its members 
have several modes of stridulation. CucvlHgera Jlexuosa and 
otlier of the winged forms, according to Pantel,* produce sounds 
by the friction of the middle tibia against the wing, both of these 
parts being specially modified for the purpose in the male sex. 
The most peculiar members of the Eremobiens are some very 
large Insects, modified to an extraordinary extent for a sedentary 
life in deserts and arid places. Trimen says® that a South 
African species, Trachypetra hxifo, which lives amongst stones, is 
so coloured that he had much diflBculty in detecting it. and that 
he noticed in certain spots, often only a few square yards m 
extent, where the stones lying on the ground were darker, lighter. 


> Monograph, de Saussuic, i/bn. Soe. 

XXX. 1888, No. 1. 

* Pro^. Eur. Orthopt. 1882, p. 16J). 

* jin. Soc. E3i>aH. xt. 1886, p. 273. 


Phys. OetUve, xxviii. 1884, No. 9 ; and 

^ Science, xxi. p. 133. 

* Xaiurc^ iv. 1871, p. 333. 
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or more mottled than usual, that the individuals of tlie grass- 
hopper were of a similar colour to the stones. The Insect 
referred to by Trimen is, we believe, the Batrachotettix whiti of de 




Sr:r,i‘r ,rr. rtvx: r 

the hind body. Some of th^ a pj^otects the base of 

that the differences found amongTdiWdrifrfthe™"^ “ 

VOL. V ® u^'muais ot the same species 

X 
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are said by Brunner and de Saussure to be so great as to affect 
even the generic characters, and give rise to the idea of an 
“ uncompleted species-formation.” 

^[ethone anderssoni, an inhabitant of the Karoo Desert of South 
Africa, is one of the largest of the Acridiidae. A female of this 
species is represented of the natural size in Fig. 185. This 
Insect is remarkable on account of the complex organs for pro- 
ducing sound, and for the great modification of the posterior legs 
(Fig. 185. 5), which do not possess locomotive functions, but serve 



as a portion of the sound- 
producing apparatus, and as 
organs for protecting the sides 
of the body. This Insect is 
sahl to Ixj very efficient in 
making a noise. The sexes 
differ considerably in their 
sound - producing organs, a 
portion of which are present 
in the female as well as in 
the male (Fig. 186). Con- 
nected with the first abdominal 
segment, but extending back- 
. . wards on the second, there is 

Fig. 186. — Portions of middle of th« ixxly and peculiar Swelling bearing 

\\md\efi of Melhoneand^isoni i'. a, hmw, ^ , 

b, an inferior fold; c, rattling* plate ; rf, tWO Or three 'StrOUgly raised 

stri.atcd surface : e, the adjoining sculpture ; chitinOUS folds (Fig. 186, c). 
/. grooved |K)rtion of tegmen. The part e • f j 

is really, like rf, a pwrtion of the second >\ 11611 th6 l6g IS rOtetCQ tn6S6 

abdommal segment, not of the third, os struck bv SOme peg- 

might be supposed from the figure. , ^ ^ ^ 

like projections situate on the 

inner face of the base of the femur, and a considerable noise is 
thus produced. The pegs cannot be seen in our figure. This 
apparatus is equally well developed in female and male. On the 
second abdominal segment, immediately behind the creaking folds 
we have descril.>ed, there is a prominent area, densely and finely 
striated (Fig. 186, d): this is rubbed by some fine asperities on 
the inner part of the femur near its base. Sound is produced by 
this friction on the striated surface, the sculpture of which is 
abruptly contrasted with that of the contiguous parts : these struc- 
tures seem to be somewhat better developed in the male than they 
are in the female, and to be phonetic, at any rate in the former sex. 


XII 


ACRIDIIDAE 


307 


The male has the rudimentary tegmina (Fig. 186,/) much longer 
than they are in the female (Fig 185), and their prolonged part 
is deeply grooved, so as to give rise to strong ridges, over which 
plays the edge of the denticulate and serrate femur. There is 
nothing to correspond to this in the female, and friction over the 
surface of this part of the male produces a different and louder 
sound. There can be little doubt that this is a phonetic structure 
peculiar to the male. It approximates in situation to the sound- 
producing apparatus of the males of the Stenobothri and other 
Acridiidae. Methane anderssoni has large tjTnpanal organs : the 
small tegmina cover them up completely. In the female the tips 
of the tegmina seem to be adapted for forming covering -Haps 
for the tympana. In both sexes there is a sac (Fig. 186, &) 
adjoining the structures we have mentioned, but which is not 
directly phonetic, though it may be an adjunct of the apparatus. 

There is no other Orthopteron in which the phonetic organs 
are so complex as they are in the male of Methane anderssoni, 
and it would appear probable that this Insect possesses the 
power of producing two, if not more, distinct sounds, one in 
common with the female, and peculiar to this and one or two 
other Species ; the other somewhat similar to that of other Acri- 
diids, and more specially developed in the male, if not absolutely 
confined to it. 

This Insect is of a very sedentary disposition, and when 
disturbed apparently seeks safety rather by the noise it can make 
than by flight. Its powers of locomotion indeed are very feeble. 
The alar organs are quite rudimentary, and of no assistance what- 
ever for movement. The hind legs seem to be almost equally 
useless for this purpose ; they are broader than they are in other 
Acridiidae, and have different functions. AVhen Methane moves 
it does so by means of the anterior four legs, on which it walks 
propped up as if on stilta When at rest the hind legs are pressed 
close to the body, and the tibiae are inflexed and not seen, the 
creature in this position greatly resembling a clod of earth 
know nothing of the life history of this Insect, except that the 
young resemble the adult in appearance, and are provided with 
the sound-producing apparatus, or some portion thereof. 

The geographical distribution of the Eremobiens corresponds 
with that of the Paraphagides, with two important differences 
VIZ. that in the Old World the former group occupies a somewhat 
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more restricted area, and that it is represented in tlie New 'World 
by two peculiar North American genera, Hcddmanella and Brachy- 
stola. B. magna is an Insect ne<irly equal in size to Methone 
anderssoni. Its peculiar form and movements Imve procured for it 
in Texas and Colorado the popular names of “ buffalo hopper ” 
and “lubber grasshopi>er.” Tliis Insect has not — like Methone — 
the colours of the desert sands ; it is of a green tint, with com- 
paratively smooth body, and during the day rests concealed 
under tufts of grass. It has apparently no sound organs, though 
de Saussure thinks there are structures present that are A\;stiges 
or rudiments thereof. 

Tlie family Acridiidae includes r large part of the species that 
make up our meagre list of British Orthoptera. Indeed, the 
only native Orthoptera at the present time sufliciently common 
to attract general attention are, in addition to the earwig, the 
species of the genera StenohotKpr,.-^ and Gomphoccrns, whose 
musical instruments we have ri'^^cribed previously. We have 
eight species of these Insects. They are tlie little grasshoppers, 
so common in our fields and gardens, the hunting of which is 
a source of much amusement to children. The Insect goes off 
with a sudden and long hop just jis it is going to be seized, and 
this is appreciated by the child as verj’ clever. The hunt, as a 
rule, does not result in much damage to the grasshoppers, the 
ingenious escape being the greater part of the pleasure. Tliese 
Sterwhothri are remarkable for their variation in colour, and it 
is thought by some that they frequent spots where they find 
themselves a match with their surroundings. There is, how- 
ever, little or no information of importance on this point extant. 
Mecostethus grossus (Fig. 173), though larger, is very like the 
common field grasshoppers, but appears to have become rare 
since the fens were drained. The two curious little grasshoppers 
of tlie genus Tetlix (Fig. 179) are not uncommon. In addition 
to these Acridiidae, three species of migratory locusts are occa- 
sionally met with in Britain, viz. Pachytylus cinerascens (Fig. 
177), P. migratorius, and Schistocerca peregrina (Fig. 84); this 
latter we have already alluded to as being probably the locust 

mentioned in the book of Exodus. 

Acridiidae Imve never been found in amber, owing possibly to 
tlieir large size and strength. There are but few fossil forms known, 
and these do not extend farther back in time than the Mesozoic 



Xtl 


ACRIDIIDAE 


309 


epocli. Several forms, including three peculiar genera, liave 
been found in the Tertiary strata at Florissant. The remains 
from the Mesozoic layers are apparently very fragmentary’ and 
obscure. 

Brongniart has instituted a family of Insects under the name 
Palaeacrididae ' for some fossil Insects from the Carboniferous 
strata at Commentry. He considers that these Insects were 
abundant in the epoch of the Carboniferous strata. 

The very large number of genera and species of Acridiidae 
have been recently arranged in nine tribes by Brunner von 
Wattenwyd ; — 


1. Feet without a claw-pad.* [Pronotum covering all the body.] Tegmina 
lobe-like. Tribe 1. Tettioides. (Figs. 179, 160, T««ix, 

Cladonotus.) 

1*. Feet with a claw-pad. 

2. Antennae shorter than the anterior femora. 

3. Head short, as if compressed from in front. 

4. Body bladder-like, inflated.® (Pronotum covering half the 
^domen.] South African species. Tribe 2. pNEOiioaiDEsj. 
(Fig. 182, Pnewnora teui^laris.) 

4'. Body ordinary. Tribe 3. Mastacides. (Fig. 181, iV<«tax 
guUatus) 

3 . He^ very elongate. [Body apterous or sub-apterous.] Tribe 
4. PRoacoPiiDES. (Fig. 1 78, Cephedoconm IvuaUt.) 

2 . Antennae longer than the anterior femora. 

3. Prostemum unarmed. 



4. The plane of the vertex of the head meeting the plane of 

the front of the head as an angle. The former produced or 

dechvoua. The face looking down. Tribe 6. Tryiaudes. 

(Fjg. 165 TnfxaJitnanOa; Fig. 173, AfecwfrtAtu pro«,«.) 

4 . Planes of the vertex and front of the head connected in 

a rounded maimer. Face looking forwanls. Tribe G. 

Oedipodidrs. (Fig. 177, Pachytylua; Fig. 186, AfctAone.) 

Prostemum with an elevated lomina in front, either irregularly 
swollen or mucronate. ***x!b““*r*y 

4. Foveolea of the vertex superior, contiguous, forming tho 

n downwards. 

(Fig- 

* ' (•’■“ ■'“t the 

apex of the vertex), or lateral, or inferior, or quite obsolete. 


> 1885. and etc. 1894. p. 439, 

divi/oeXrtir .r:^S“p.r ^ 

* This applies specially to tho males.— D. S. 
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5. Foveoles superior, open behind Prostemum irregularly 
swollen, rarely mucronate. Tribe 8. Pauphaoides. 
(Fig. 184, Xiphccera tisina.) 

6'. Foveoles lateral or inferior, closed behind or (usually) 
entirely obsolete. Prostemum distinctly mucronate or 
tuberculate. Tribe 9. Acridiides. (Fig. 84, Acridium 
per«ynn«m; Fig. 176, CaXoptenus spretus.) 



CHAPTER XIII 


ORTHOPTERA COyTIXVED t/JCUSTmAE, GREEIT 

GRASSHOPPERS, KATYDIDS 

Fam. VIL Locnstidae — Oreen Grasshoppers. 

OrihopUra, with very long delicate antennae composed of many more 
than thirty joints ; hind legs longer’ than the others, thicker 
at the hose. Tarsi with four joints. Front tibiae usually 
provided with tympanal organs placed below the knee ; stridu- 
lating apparatus of males, when present, situate on the basal 
part of the tegmina. Females usually with an elongate ex- 
serted ovipositor, formed by the apposition of six pieces. 
Wingless forms numerous. 



An unfortunate confusion has long existed as to the term 
Locustidae, and has resulted in the application of the name to a 
group of Insects that contains none of the locusts of ordinarj 
language. Some entomologists therefore use the term Fhasgonu- 
ridea for this family, but the great majority prefer the term 
Locustidae. 

The Locustidae are, as a rule, more firagile Insects than the 


312 


ORTHOPTERA 


CHAP. 


Acridiidae, from which they can be readily distinguished by the 
cliaracters we have mentioned in our definition. According to 

o 

Dufour, there are no air vesicles connected with the tracheal 
system in this family ; possibly to this it may be due that none 
of the family undertake the long flights and migratory wanderings 
that have made some of the Acridiidae so notorious. Very little 
is known as to the life histories of the members of this extensive 
family of Orthoptera. Graber, however, has given some particulars 
as to the development of Platycleis grisea, and of one or two other 



Flo. 188. — Development of wings in PtatyeUU grisea: A, B, C, D, E, consecutive 
Mtages ; p, prothorax ; m, mesothorax ; mt, metathorax ; t, teginen 5 ^””8 * 

nb', position of first abdominal aegment. In C. D, and ^ »» 1® by 

which tlie m, shown in A and B, ia concealed ; iu D and E only the positions of ml 

are ludicated. (Aft«r Qraber.) 


Species. He recognises five instars, but his first is probably 
really the second, as he did not observe the Insect in its youngest 
condition. Although his figures are very poor, we reproduce 
them as they give some idea of the mode of growth of the win^, 
and of the correlative changes in the thoracic segments. It 
will be seen that in the first three of these instars the alar organs 
appear merely as prolongations of the sides of the posterior two 
thoracic rings, and that in D a great change has occurred in the 
position of these segments, so that the alar organs are free 
processes, the two posterior thoracic rings being insignificant in 
size in comparison with the now greatly developed prothorax. 
In E the tegraen is shown fully developed, the positions of some 
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of the rings covered by it being indicated by the letters 771, mt, 
ah'. These changes are very similar to those we have described 
in Acridiidae, the chief difference being the greater development 
of the dependent wing-pads previous to the fourth instar. 

The ocelli in Locustidae are much more imperfect than they 
are in Acridiidae, and are frequently rudimentary or nearly totally 
absent, or there may be but one in- 
stead of three. They are, however, 
present in a fairly well-developed state 
in some species, and this is the case 
with the one whose face we portray 
in Fig. 189, where the anterior of the 
three ocelli is quite conspicuous, the 
other two being placed one on each 
side of the curious frontal cone near 
its base. The peculiar head ornament 
shown in this figure exists in both 
sexes, and something similar occurs in 
a large number of Conocephalides. We 
have not the slightest idea of its im- 
port. Individuals of one or more 
species of this curious South American 
genus are occasionally met with alive 
in gardens near London. They are, no 
doubt, imported as eggs, for they arc 
sometimes met >vith in the juvenile 

state but in what way they are intro- na i8S,_F„.„l ot b..d of 
duced IS not known. 

The ovipositor frequently attains a 
great length in these Insects, so as to exceed that of the body It is 
u^d in different ways, some of the family depositing their eggs iii 
the earth, perhaps in vegetable matter under the surface ; but other 
species place the ova in twigs or stems of plants, arranging them 

compact manner in two series, as depicted by 
Kiley in the case of Microcentrum retinerve (Fig. 190) These 
eggs are laid in the autumn, and in the following spring become 
more swoUen before hatching. The Insect undergoes a moult 
during the process of emerging from the egg. By the time the 
emergence is completed the Microcentrum has expanded so much 

' Ann. Jtep, InttO* llimuri, vi. 1874, p. 166. 



Copicphom eomuta, female. 
Demerara. 
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in size that it is a matter of astonishment how it can ever have 
been packed in the egg ; the young commence jumping and 

eating leaves in a few minutes. Including 
the ecdysis made on leaving the egg, they 
cast their skins five times. The post-embryonic 
development occupies a period of about ten 
weeks. The larvae eat their cast skins. When 
the final moult occurs the tegmina and wings 
are at first quite soft and colourless, but 
within an hour they assume their green colour. 
These Insects, as remarked by Eiley, make in- 
teresting pets. The people of the Amazon valley 
are in the habit of keeping a si)ecies in cages, 
and our Britisli Locuata viridissima does very 
well in confinement. One of the most curious 
habits of these Locustidae is a constant lick- 
ing of the front paws. Riley says that M. 
retinerve bestows as much attention on its 
long graceful antennas as many a maiden does 
upon her abundant tresses, the antenn® being 
katydi(r(.Mf^o«J- drawn between the jaws and smoothed by the 
imm Ttixnerve ) ; Ap palpL This American naturalist also tails us 
dtpcSn that he reared three successive broods in con- 

view of a 'ingle finement, and that the Insects gradually 
aeries. (After Riley.) 30 j^at the eggs of the third 

generation failed to hatch. 

The ovipositor, which is one of the most characteristic features 
of the Locustidae, is not present in the newly-hatched Locustid 
(¥is. 191, A), the organ being then represented only by two 
papillae placed on the penultimate segment. The structure and 
development of the ovipositor in Zocusta viridisdma have l®en 
described by Dewitz.* Fig. 1 9 1, A, shows the yoimg Insect taken 
from the egg just as it is about to emerge. The abdomen consists 
of ten segtits, the terminal one bearmg at .ts extremity tw 
processes, the eerci, a'. These persist throughout the hfe of^he 
Insect, and take no part in the formation of the ’J' 

te nth se‘MucuL .subsequently divides into two (a. a , Fi^. 191, 
Uins rise to the "appearance of eleven «“al segments 
Ld of the ovipositor springing from the antepenultimate. 

» Zeilsehr. wiss. Zoot. xxv. 1875, pp- 174-200, pi. xu. 
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to one another, on the middle of the ventral aspect of the true 


ninth abdominal segment, are 
seen the two papillae (6')» which 
at first are the only visible indi- 
cations of the future ovipositor. 
If, however, the integument be 
taken off and carefully examined, 
it will be found that there exist 
on the eighth abdominal plate 
two spots, where there is a slight 
thickening and prominence of 
the integument (Fig. 191, B, c). 
From these two spots the two 
lower rods of the ovipositor are 
produced ; these two, together 
with the two growths from the 
ninth segment, form the four ex- 
ternal ro<ls of the ovipositoi'. 
Inside these there exist in the 



Fiq. 191. — DevelopToent of onpositor of 
Locusta viridissima ; a, tormiDal 
ment ; a^ cerci ; secondary divisiou 
of tenuiDal segmeut ; b, penultimato 
(mntb) segment ; b\ primary papillae 
of this segment ; b**, aecoadnry divi* 
sioDS thereof ; eighth s^mcnt ; c\ 
Its papillae. (After DewiU.) A, 
embr>*o ready for emergence ; B, 
portion of ioC^nment of the Teutral 
plates of eighth and ninth segments ; 
Ct the appendages iu a coodition 
somewhat more advanced than they 
are in A. 


completed structure two other rods (Fig. 192, B, 6'). These are 
produced by a growth from the inner parts of the two papillae 
of the ninth segment The relations of the six rods in their 
early condition are shown in Fig. 191, C, where the two primary 
papillae 1/ of the ninth segment are seen with their secondary 




Pto. 192. ^Structnro of 
ovipositor of Loewia 
tiridissima : A» ar* 
rmngamant of parts at 
baso» being separated 
and turned outwards ; 
B* transverse section. 
The parts of the ap* 
l>endage bear the same 
lettering as in Fig. 19L 
(After Dowltz.) 


offshoots b"; c' being the papillae of the eighth segment. The 
subsequent relations of the pieces are shown in Fig. 192; A 
exhibiting the base of the organ with the lower rods turned 
on one side to show the others, the shaded parts indicating 
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muscular attachments ; B is a transverse section of the organ. In 
these figures the different parts of the appendages bear the same 
lettering as they do in Fig. 191. It will be seen that in the com- 
pleted structures the parts o' liave Income very intimately con- 
nected with the parts h' and h", which belong to another segment. 

The Locustidae resemble the Acridiidae in the possession of 
sf)ecialised ears and sound-producing organs ; neither of these is, 
however, situate in the same part of the body as in Acridiidae. 

The ears of Locustidae are 
placed on the front legs, l>elow 
the knee ; a tympanum (Fig. 
19S, A), or a crack giving en- 
trance to a cavity in which the 
tympanum is placed (Fig. 193, 
B), being seen on each side of 
each of the anterior pair of 
limbs. In this family, as in 
the Acridiidae, three kinds of 
car are recognised according to 
the condition of the tjTnpanum, 
which is either exposed (Fig. 
193, A) or closed by an over- 
growth of the integument (Fig. 
193, B), or in a condition to a 
certain extent different from 
either of these. The existence of 
ears placed on the legs is a curi- 
ous fact, but it is beyond doubt 
in the Locustidae, and there is good reason for believing that analo- 
gous organs exist in this situation in other Insects that have special 
means of sound-production, such as the ants and the Termites. 

The structure of these organs in the I/xjustidae has been 
investigated by Graber,* and their acoustic functions placed 
beyond doubt, though to what special kind of sounds th^ may 
be sensitive is not ascertained, this point being surrounded >y 
even greater difficulties than those we have discussed in the case 
of the Acridiidae. In the T>ocu8tidae there is a special structure 
of a remarkable nature in connexion with the eara In Acridiidae 

^ ArA.f. rnOcr. Anal. 1882, and xxi S<* aIbo von Adelnng, vHss. 

Zool. liv. 1882, p. 316. 
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TiO. 193. — Ears of Locustidae : A, portloc 
of front \eg of Odojitura $erricauda^ 
adult ; p. promioeDca of inte^meot ; 
rim of ear ; 7*, tympanum ; 6* thickened 
area thereof; remains of groove in 
which the structure was developed. B, 
portion of front leg of Thamnotrizm 
npUrus ; t, inner margin ; a, slit • like 
external aperture of ear ; diy overlapping 
cover of the ear. (After Graber.) 
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a stigma is placed close to the ear, and supplies the internal 
structures of the organ wth air. There are no stigmata on the 
legs of Insects, consequently admission of air to the acoustic 
apparatus in Locustidae is effected by means of a gaping orifice 
at the back of the prothorax, just over the base of the front leg 
(Fig. 101) ; this communicates with its fellow of the other side, 
and from them there extend processes along the femora into the 
tibiae, where they imdergo dilatation, so as to form vesicular 
cavities, one of which is in proximity to each drum of the ear. 








These leg-tracheae are not con- st' A « 

nected with the ordinary tracheal 
system ; the prothoracic stigma 
exists in close proximity to the 
acoustic orifice we have described, 
but is much smaller than it. It 
is not yet clear why the acoustic 
apparatus should require a supply 
of air apart from that which could t 
be aiforded by the ordinary tracheal e 
system. This special arrangement 
— to which there is hardly a 
parallel in Insect anatomy — has 
still to be accounted for; we do . 

not know whether the necessity J 

for it may be connected with the ^*°-^®^--®**s«n'ofMTangenieuiofparu 
respiratory system or the acoustic thetibiao^LSuSXjTv.aouter^ 

organ. inner, anterior, posterior asptcU of leg • 

The chief features of the acous- TSk 

tic apparatus of the legs of Locus- P****"or tympanum ; 

tidae will be gathered from the interment ; \ % inte!na*'**protuber- 

accompanying diagrammatic trans- 

> erse section through the tibia. In poaurior tmcheai vesicle! 

this figure the deen black narta 5 ®'. projecUon of tympanal orifice 

n a ^ VT of prothonm ; <r-«, tracheal uerve- 

incucate the outer wall of the organ, eruta aeustiea ; at, rod ; 

tibia and its prolomrations f-h« ^ '‘^•jo-rombrane ; Ah, e, supra- 
wKlfas • wAwngutions, tne tympanal, uetve-end organ ; An, gang- 

white spaces indicate the parts • **'• i '• point of in- 

filled with air, while the dotted 


portloua are occupied by blood or some of the body organs ; ‘ the 
, .rt»t, but w. k... not thought it right to iutorfen, with hi. diogrum. 
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circular space o’ is not part of the actual structure, but repre- 
sents the area of the external acoustic orifice of the prothonix; 
it is not, however, so large as it should be. 

Although the tibial ears of Locustidae are verj' perfect organs, 
there is great difficulty in deciding on the exact nature of their 
functions. They would appear to be admirably adapted to 
determine the precise locality from which a sound proceeds, 
especially in those cases — and they are the highest forms — in 
which the tympanum is placed in a cavity the external orifice 
of which is a slit (Fig. 193, B) ; for the legs can be moved in 
the freest manner in every direction, so as to bring the drum 
into the most direct line of the vibrations. But as to what 
kinds of vibrations may be i>erceived, and the manner in which 
they may l>e transmitted to the nerves, there is but little 
evi<lence. On reference to the diagram it will be noticed that 
the tympanum, the tympanal vesicles, and the nervous apparatus 
are not in close connexion, so that even the mode by which the 


impulses are transmitted is obscure. 

The musical organs of the Locustidae are different from those 
of the Acridiidae, and are invariably situate on the basal part ot 
the tegmina. They are found, in the great majority of cases, only 
in the male ; in the tribes Ephippigerides and Callimenides they 
yxist in etich sex. One of the wings bears a file on its inner sur- 
face, while the other — on the right side of the body— is provided 
with a sharp edge phiced on a prominent part of its inner margin. 
By slightly tilting the tegmina and vibrating them rapidly,the edge 
misses*^ under the file, and a musical sound is produced. These 
structures are limited to the small anal area of the wing, and when 
the tegmina are very greiitly reduced in size, it is this part that 
still remains. There is much variety in the details of the structure. 
The nervures of this part of the tegmina are different in the 
male from what they are in the female, and. moreover, the two 
wiiK'-covers of tlie male differ from one another. It is apparently 
the vibrations of the right legmen that produce the sound and 
this part usually bears a space of a glassy nature which proba^J 
improves the character of the sound produced. Our cine British 
songster of this group. Lovusta vitidissima, is only provided wit 
plmtetic organs (Fig. 195) of a somewhat 
but in the genus Mecopoda there is great ^ 

structures. The anal areas of the two tegmina are in this case 
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very different ; that of the left one, which bears the file, being 
similar in texture to the rest of the wing-cover, while the corre- 
sponding part of the other tegnien is 
rigid and transparent, and greatly 
distorted, so as to create a cavity 
which, no doubt, improves the sound ; 
the scraper too is very perfectly 
formed. The difference between this 
form of musical organ and that of 
L. xirulissima is curious, inasmuch 
as in tlie better instrument the im- 
portant modifications are confined to 
one tegmen, while in the other form 
both tegmina are largely changed. 

The difference apjjears to be that in 
LocusUi the left tegmen, as well as 
the right one, acts as a sounding- 
board, while in Mexopnda it does not 
do so, but wlien the wings are closed 
<iuite covers and conceals the musical 
instrument. 

The Locustidae, notwithstanding 
the fact that their alar organs are 
generally more ample than those of the 
Aeridiidae, seem to be, as a rule, of more sedentary habits, and more 
nocturnal in their activity. The musical powers of the different 
species ai-e very varied. Locustn riridissima produces a shrill and 
nionotoiious but not disagreeable, sound, and is capable of sustain- 
ing it for a quarter of an hour without any intermission, except 
a break for the sake of starting again immediately with greater 
force, like a performer on a flute. It occasionally chirps in the 
day, but the act is then very brief. Bates informs us that one 
of these singing grasshoppers, called Tanana by the natives 
of the Amazon valley, is much admired for its singing, and 
is kept in little cages. The Amazonian naturalist thought the 
music of this species superior to that of any other Orthopterous 
Insect he had heard The name of this grasshopper is TlUihoscehis 
camclhfohua. It is veiy similar in appearance to CyrtophrjUus 
crepitans, the Insect we have represented in Fig. 187. 

The most notorious of the musical Locustids are the Katydids 



Pia. 195. — luner fftce of base of 
tegmhia of Locusta viridiMxma : 
At the two wiug- covers 
aied ; B, in natural i^sition with 
niesonotum connectiog thenii 
showing file and edge scraping 
It ; at the stvUlulntiug die ; h, 
the riiOimeDtavy file ou other 
tegnieu. 
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of North America. There are several species of them — they belong, 
indeed, to more than one genus, — but it seems that sounds some- 
what resembling the words Katy-did are perceptible in most of 
their performances. These sounds are frequently repeated with 
slight variations — Katy-did, 0-she-did, Katy-did-she-did. Eiley 
describes the music of the Katydid we represent in Fig. 196 as 
follows : * “ The first notes from this Katydid are heard about 
the middle of July, and the species is in full song by the first 
of August. The wing-covers are partially opened by a sudden 
jerk, and the notes produced by the gradual closing of the same. 
The song consists of a series of from twenty-five to thirty rasp- 
ings, as of a stiff quill drawn across a coarse file. There are 
about five of these raspings or trills per second, all alike, and 
with equal intervals, except the last two or three, which, with 



Fic. 196. — Katydid, MicrocejUrum reiinfrve. N. America. (After Riley.) 


the closing of tlie wing-covers, run into each other. The whole 
strongly recalls the slow turning of a child's wooden rattle, ending 
by a sudden jerk of the same ; and this prolonged rattling, whicli 
is peculiar to the male, is invariably and instantly answered by 
a single sharp ‘ chirp ’ or ‘ tschick ’ from one or more females, 
who produce the sound by a sudden upward jerk of the 


wings.” . . 

Pertinacity is one of the most curious features of the perform- 
ance of musical Locustids. One would say they desire to distinguish 
themselves as much as possible. Harris says that Cyrtophyllus 
concavus mounts on the uppermost twigs of trees and there per- 
forms its Katy-did-she-did in rivalry with others. He says e^eu 
the female in this species gives forth a feeble noi£^ ^ 

says that some of the Katydids sing both by day and night, but 
^eir day song differs from that of the night. ” On a summer s 
^y it JcuriL to observe these Httle creatures suddenly chang- 

I Anu. Jtep. Inaeds Ifiuouri, vi. 1874, p. 159. 
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ing from the day to the night song at the mere passing of a 
cloud, and returning to the old note when the sky is clear. By 
imitating the two songs in the daytime the grasshoppers can be 
made to respond to either at will ; at night they have but one 
note.” 

Although but little is known as to the habits of Locustidae, 
it is ascertained that they are less exclusively herbivorous in 
their food habits than the Acridiidae are ; many seem to prefer 
a mixed diet. Locusta viridissima will eat various leaves and 
fruits, besides small quantities of flesh. It has been recorded 
that a specimen in confinement mastered a humble-bee, extracted 
with its mandibles the honey-bag, and ate this dainty, leaving 
the other parts of the bee untouched. Many of the Ixicustidae 
are believed to be entirely carnivorous. Brunner considers a 
minority to be exclusively phytophagous. The species very 
rarely increase to large numbers; this, however, occurs some- 
times .with Orphafiia, dtniiccntda, and Sa/rhitistts yersini in 
Europe, and Anahrus purpurascens in North America. We 
have already mentioned that the eggs of some species are 
debited in parts of plants, and of others in the earth. The 
British Meconema. varium deposits its eggs in the galls of Cynips 
in the autumn; these eggs do not hatch till the following 
spring. XipKidium eim/erum has somewhat wimilnr habits in 
North America, the gaU selected for the reception of the eggs 
bemg the scales formed by a species of Ceeidomyia on the leaves 
of willowa It has been ascertained that the development of 
the embryo in the last-named species is commenced in the 
autumn, but is suspended during the winter, being only com- 
^ted in the following spring, eight or nine mouths afterwards. 
We owe to Wheeler » a memoir on the embryology of this Insect. 

Some of the species have the peculiar habit of dwelling in 
^es. This is especiaUy the case with the members of the tribe 
Stenopelmatides (Fig. 197), which fiequently possess enormously 
long antennae and legs, and are destitute of alar organs and 
The species with this habit, though found in the most 

^ general 

found suppose the specimens 

Mammoth cave of Ken- 
cky. in the rock-cavities of New Zealand to be one 

‘ WhMler. J. UoifM. tUL 1898. 
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species, although they are mow referred by entomologists to 
different genera. 



Fia. 197 . — Doliehopoda palpata, moli. Dalmatix (AfUr Brunner.) 


The Locustidae display in the greatest possible j)erfection 
that resemblance of the tegmina to leaves vrhicli we mentioned 
when speaking of the general characters of the Orthoptera. The 
wing-covers are very leaf-like in colour and appearance in many 
Locustidae, but it is in the tribe Pseudophyllides and in the South 
American genus Pterochroza (Fig. 198) that the phenomenon is 
most remarkable. The tegmina in the species of this genus 
look exactly like leaves in certain stages of ripeness or decay. 
In the tegmina of some of the species not only are the colours 

of faded leaves exactly reproduced, but spots are present like 

those on leaves due to 



4 












cryptogamic growths. 
Perhaps the most 
remarkable feature 
of these resemblances 
is the one pointed 
out by Brunner 
von Wattenwyl,’ 
viz. that the tracks 
and spots formed on 
leaves by the miningof 
Insects in their tissues 

are also represented in the leaf-like wing-covers of the Pterochroza ; 
transparent spots (a, a, Fig. 198) being present, justas they are 
in many leaves that have been attacked by Insects. Brunner wm 
so much impressed by these facts that he came to 
that they cannot be accounted for on the giounds of mere utUity, 

« Ferk. sool..bot. Gea, Wien, xxxiii. 1883, p. 248. 
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198.— Leaf-like tegmen of PUrochrom oeeUata: 
r. a, marks like those made by Insects on leaves. 
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and proposed the term Hypertely to express the idea that iii 
these cases the bounds of the useful are transcended. We 


will mention here another peculiar case 
of resemblance described by Brunner as 
occurring in a Locustid. Two specimens 
of a little Phaneropterid were brought 
from the Soudan by the Antinori ex- 
pedition, and have l)een described by 
Brvmner under the name of Myrmeco- 
phana jallax. The Insect is said to 
1)ear an extraordinary resemblance to 
an ant. The most peculiar feature in 
the resemblance is shown in Fig. 199, 
A, B. The most characteristic point in 
the external form of an ant is the stalked 
abdomen, this structure being at the 
same time quite foreign to the Orthoptera. 
In the other parts of the body and in 
the colour generally, the Myrmtcopliana 
resembles an ant, but the abdomen of 



Fxo. 199 « — Myrmtecphana 
foliax^ 


the Orthopteron is not stalked ; it has, however, the appearance 
of being so, in consequence of certain parts being of a white 
colour, as shown in our figure. If abstraction be made of the 
white parts, the form of the stalked abdomen of the ant is nicely 
reproduced. The specimens brought from the Soudan were wing- 
less and destitute of ovipositor, and may be immature, but Brunner 
suggests that they may prove to be really mature, the ovipositor, 
tegmina, and wings heiug permanently absent. The existence 
of a long ovipositor would certainly detract greatly from the unt- 
like appearance of the Orthopteron. 

It is certain that the plant-like appearance of some of the 
Locustidae renders them inconspicuous to the human eye in the 
situations they frequent. It is a matter of common observation 
that though the noise of their chirpings may be heard to such an 
extent as to make it certain that many individuals must be in the 
immediate neighbourhood, yet at the same time it may be most 
difficult to detect even a single individual. M. Boutan noticed 
this phenomenon in the case of £phippigera rugosieoUia, and 
tells US that the human eye can, with a little practice, acquire 
the art of detecting these concealed creatures. This consists 

f 
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apparently in making use, not of a general inspection, but of a 
scrutiny of the outlines of the leaves and twigs of a tree. By 
this means, when the eye is accustomed to the task, the Insects 
can be detected with comparative ease ; much in the same way, 

f M. Boutan says, as a figiire, plac^ 

in an engraving in such a way as to 
elude the eye, is appreciated with ease 
after the eye has once perceived it. 

Some of the Locustidae are pro- 
vided with means of defence of a posi- 
tive nature. The Algerian Euga&ter 
guyoni ejects two jets of a caustic 
orange-coloured fluid from two pores 
situate on the sides of the meso- 
stemum, and covered by the anterior 
coxae. This species is carnivorous as 
well as herbivorous, and produces a 
sound more like humming than stridu- 
lation.^ 

We have previoxisly pointed out 
that some of the Acri^dae resemble 
the stick - Insects rather than the 
members of their own group ; and 
similar cases occur amongst the Locus- 
tidae. Such a resemblance has, how- 
ever, only been found in a few species 
of the tribe Prochilidea We figure 
one of these, Phasmodes ranairifonnis, 
a native of South - West Australia. 
The very elongate linear form and the 
total absence of alar organs give this 

Fio. 200. — Phasmodea ranatri- Insect a considerable resemblance to 
/ormw, female. AustnJift. (AfUr Stick-InsectS Or aptCrOUS Plias- 

Westwood.) midae. Prochilus australis is allied 

to this curious Locustid, but the alar organs are present in both 
sexes, and the Insect bears a great resemblance to the winged 
Phasmidae. This is due not only to the general form and colour, 
but also to the fact that the tegmina are very narrow, which 

> Bonnet and Finot. Nai. (3) It. p. 345. The word we have tranalated 

Aj humming it bruimmeut/’ 
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causes them to look like the coloured slip on the anterior parts 
of the wings of some of the Phaamidae (cf. p. 266). Another 
of a I/xiustid with elongate, slender form is found in the 
extraordinary Peringueytlla jocosa of South Africa, a member of 
the tribe Sagides. It has minute organs of flight, and repro- 
duces, to a considerable extent, the form and appearance of 
Proscopides or of some Tryxalides.* 



Pia 201. — Schiaodaeiylua rMnatront$y male. Natural aiu. East 

We follow Brunner in placing among the Locustidae the large 
Insect we reprewnt in Fig. 201. It is remarkable on account of its 
tegmina and wings ; these have their extremities much prolonged 
and curled ; moreover, the flat interior area and the abruptly de- 

* De Sanifura, Jnn. Soe. etU. France, 1888, p. 161, pi. t. fig. 1. 
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flexed exterior area make them look more like the wings of 
Gryllidae. This species has no ocelli, and is said to be destitute 
of ears. The inflated condition of the anterior and middle tibiae 
suggest that it possesses auditory structures, though there appears 
to be no external opening for them. This Insect is found in India, 
where it is said to be common on the banks of sandy rivers, 
living there in burrows of the depth of three fefet. Very little 
is known, however, as to this curious Insect. It has recently 
been reported ^ as being injurious to tobacco and other crops on 
high ground in Durbungha by cutting off their roots. Tlie local 
name for the Insect is hhertoa. We should think it somewhat 
doubtful whether this refers really to S. monstrosus. 



Fio. 202.— ATioslosloma aMlralasiae, male. Australia. 


In number of species the Locustidae are perhaps scarcely 
inferior to the Acridudae, and in variety of form they surpass 
this latter family. Many of the most gigantic forms are apterous, 
and these very often have a repellant aspect. The genus Anosio- 
stoma is remarkable for its large head. Allied to it is Veinacrtda 
heteracantJui, the “ Weta-punga " of the New Zealand native, an 
Insect formerly abundant in the forests north of Auckland, but 
of late years become extremely rare. The head and b^y ot 
this Insect may measure more than 2|- inches in leugt , an 
when the antennae and legs are stretched out the total length 
may be 14 or 15 inches. Although bulky and absolutely wng- 
less, yet, as Buller informs us.* it cUmbs with agility, and is 
sometimes found on the topmost branches of lofty trees. When 
disturbed it produces a clicking, accompanied by a slow movement 

« Indian ilus. NoU*, il 1893, p. 172. * Zoologisl. 1867, p. 489. 
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Of its hind legs. A second species, D. tlwra^^wa, lives m decajed 
wood, and a third. i>. mega4:ephala, is remarkable from the ^ery 
larae size of the head and mandibles in the male sex. The fact 
tha't a clicking noise is produced by the Weta-punga is of some 
interest, for the genus Deiruicrxda is among the Locustidae that 
possess ears, but are said to be destitute of sound-producing organs. 

Amongst the most remarkable of the Locustidae are the two 
species of which Brongniart has recently formed the genus 
Eumegalodon and the tribe Eumegalodonidae, which is not included 
in Brunner’s table of the tribes of Locustidae. The ovipositor 



Fio. 203 . — Eumegalodon blanthardit ttaaXt, Borneo. x|. (After BroDgniart) 


is large and sabre-shaped ; the male is unknown. The genus 
Megalodon is placed by Bnmner in the tribe Conocephalides ; it 
also consists of extremely remarkable Insects. 

The Locustidae appear to be of slow growth, and the autumns 
of Britain are usually not warm enough for them. Hence we 
have but nine British species, and of this number only three or 
four are known to occur north of the Thames. The only one 
that attracts attention is Locusta viridissima, which in some 
districts of the south of England occurs in considerable numbers, 
and attests its presence by its peculiar music. It is called the 
green grasshopper. 
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The geological record is rather obscure in the matter of 
Locxistidae. Scudder considers that a fair number of Tertiary 
forms are known, and says that they represent several of the 
existing tribes and genera. One or two have been found in 
Mesozoic rocks. 

Tablb of the Tribes of Locustidae 

1 . Tarsi more or less depressed. 

2. Front tibiae furnished with auditory cavities. 

3. Antennae less distant &om the summit of the occiput than from 
the labrum ; inserted between the eyea^ 

4. First two joints of the tarsi laterally smootK (Posterior tibiae 
furnished on each side with an apical spine.) Tribe 1. 
Phanebopterides. (Fig. 196, Afiaveenirum ; Fig. 199, 
Afyrmeecy>hana. Fig. 101, Poecilimon affinu.) 

4'. First two joints of the tarsi laterally, longitudinally sulcate. 

5. Foramina of the anterior tibiae normally open. (Fig. 
193, A.) 

6. Posterior tibiae furnished on each side with apical spines. 
7. Prostemum unarmed. Tribe 2. Mbcomeuides. 

7'. Prostemum bispinoee or bituberculate. Tribe 3. 
Mecopodiobs. 

6'. Posterior tibiae with no apical spines. (Head prognath- 
ous.) Tribe 4. Pbochilides. (Fig. 200, PheuiMdtt.) 
S'. Foramina of the anterior tibiae forming a chink, or pro- 
tected by a scale. (Fig. 193, R) 

6. Anterior tibiae with no apical apinea 

7. Margins of the aerobes ^ of the antennae prominent. 
Tribe S. Psbudophtllideb. (Fig. 187, Oyriophyllut 
CTepiiaia; Fig. 198, Pterochreza octUata.) 

7'. Margins of the aerobes of the antennae not prominent. 

8. Posterior tibiae furaiebed above on each aide with 
apical spine^ or with a single spine on the side. 

9. Posterior tibiae either fnmished with apical 
spines on each aide, or only on the inner aide. 
Tribe 6. CoNOCEPHAUnES. (Fig. 189, Copith 
phom eomuln.) 

9'. Posterior tibiae fumiahed above with ^ an 
apical spine placed only on the ooter side. 
Tribe 7. TvifFAMOPBORiOBS. 

8'. Posterior tibiae withont apical spines. Tribe 8. 
Saoidbs. 

6'. Anterior tibiae furnished with an apical spine on the 
inner side.^ 

‘ This diagnosis is an attempt to exprew in something approaching an exact 
manner the distinction of the OatteDed from the arched or wnvex head. 

• Scrobea are the depressions in which the antennae are inserted. 

• There are unfortonately a few exceptions in the case of this character. 
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7. The first joint of the posterior tarsi destitute of a free 
sole-lobe. Tribe 0. LocosnoES. 

7 . The first joint of the posterior tarsi furnished with a 
free sole -lobe. Tribe 10. DacriciDES. 

Antennae more distant from the summit of the ocxiput than from 
the labrum, inserted either beneath the eyes or on their inferior 
border. Tegmina and wings greatly abbreviate, scale-like ; when 
t^ina are present they are famished in each sex with a 
tjinpaDuiii. 


4 . 



Third joint of the posterior tani shorter than the second* Both 
anterior and posterior tibiae fumiahed on each side with a 
spine. Tribe 11. CaLLiusKinKs. 


Thud jomt of posterior tarsi longer than the second joint 
Anterior tibiae with no apical spine on the inner side, and 
posterior tibiae with no apical spine on the outer aide 
6. Antennw inserted at the edge of the eyes. Pronotum 
^rmeiL Tegiiina present in each sex. Anterior tibiae 
furnished on the outer side with an apical spine. Posterior 
tibiM furnished beneath with four apical spines. Tribe 
12. BphippiobbideSs 


S . Antennae ^rted distinctly below the eyes. Pronotum 
spmout Elyto m the females wanting. Anterior Ubiae 
without apical spine on either side. Posterior tibiae 
wneath with two apical spines or with none. Tribe 13. 
UETBODinsa. 


SL..) (K® SOI, 

1'. diitincay comprsMed (mort of the q>eeiea opteroui) Tribe 1/1 
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Fam. Vm. Oryllidae — Crickets. 

Anttnvxit very slender, geruraXly long and setaceous ; hind legs 
long, saltatorial. Tegmina with the outer 'portion dejlexed 
on to the side of the body, and with the inner part lying flat 
on the body. Tarsi 'usually three-jointed {rarely two- or four- 
jointed'). Female 'with a lo'ng ovipositor {except in Gryllotal- 
pides). Apterous forms numerous. 

The Giyllidae are closely connected with the Locustidae, the 

musical and auditory organs 
being in both similarly situate, 
and the female in both possess- 
ing, in most of the tribes, an 
elongate exserted ovipositor. 
The two families differ in the 
number of joints of the tarsi, 
in the form of the tegmina. 
and in the fact that in Gryl- 
lidae the portion of the wing 
modified for musical purposes 
consists of a larger portion 
of the organ — according to 
de Saussure, the discoidal as 
well as the anal area. 

The family would be a 
very natursfl one if we were 

to exclude from it the mole-crickets which have fc^rial front 
legs and no ovipositor, and the Tridactylides, which also are 



Fio. 204. — House«cricket, ChyUus {Achein) 
donimiicxUy male. 
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destitute of ovipositor, aud have short antennae, consisting of 
about ten joints. 

The head is generally very large ; ocelli are present, though 
usually imperfect ; the extremity of the body bears a pair of 
remarkably long cerci. The hind tibiae are usually armed wth 
very strong spines ; the first joint of the hind tarsus is elongate, 
and teinunates in two spines, between which the small second 
joint is often almost completely concealed ; the feet are not pro- 
vided beneath with pads, but only bear remote setae. 

The alar organs are difficult of comprehension, and different 
opinions prevail as to their morphology. The tegmina are 
extremely different to the hind wings, and never attain large 
dimensions, neither do they exhibit any leaf-like or ornamental 
structures. In the genus Pteroplistiti they are formed some- 
what like the elytra of Coleoptera, and close over the back of 
the Insect in a fashion very 
like that found in beetles. 

According to Brunner the 
larger part of the tegmen 
— which, as we have said, 
reposes flat on the back 
of the Insect — represents 
merely the anal area, and 
aU the other parts must be 
sought in the smaller, de- 
ilexed portion of the wing- 
cover. Be Saussure’s opinion, 
to a somewhat different 
effect, we have already mentioned. The tegmina of the male 
are extremely different from those of the female, so that it is a 
matter of much difficulty to decide what nervures correspond.' 

The wing-covers of the male differ &om those of the Locustidae, 
inasmuch as the pair are of similar formation, each bearing a 
stridulating file on its lower aspect. This file projects somewhat 
inwards, so that its position is marked on the outer aspect of the 
wing-cover by a depression. Usually the right tegmen overlaps 
the other, an arrangement contrary to that which prevails in 
other Orthoptera. The wings are ample and delicate ; they 
possess numerous nervures that are not much forked and have a 

^ See Pongor, Terma. FOuUk, 1877, p. 228. 



Fio. SOS.— Tegnditt (sinbtnl) of tlio houe-crickot. 
A, mile, inner espect ; B, feme1e« outer 
expect : a* inner margin ; b, outer mtxgiu ; 
Cf nermre bearing etridoUting file. 
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simple, somewhat fan-like arrangement; the little transverse 
nervules exhibit only slight variety. These wings are frequently 
rolled up at the apex, and project beyond the body like an 
additional pair of cerci (Fig. 204). The abdomen is chiefly 
remarkable for the large development of the pleura, the stigmata 
being consequently very conspicuous. The cerci are not jointed, 
though they are flexible and, often, very long ; they bear a 
variety of sense-organs (Fig. 67). The saltatorial powers of the 
crickets are frequently considerable. 

Graber has observed the post-embryonic development of the 
field-cricket, Gryllus campeatris, though unfortunately not from 
the very commencement, so that we do not know whether there 
are five, six, or seven ecdyses ; the number is probably either six 
or seven. The manner in which the alar organs are developed is 
similar to that we have described and figured in the Locustidae. 
In the earlier instars there is a slight prolongation of each side 
of the meso- and meta-notum, but about the middle of the 
development a considerable change occurs — the rudimentary 
organs then become free appendages and assume a different 
position. 

The Gryllidae possess a pair of tympana on each front leg, 
but these organs contrast with those of the Locustidae in that 
the pair on each leg usually differ from one another, the one on 
the outer or posterior aspect being larger than that on the inner 
or front face of the leg. 

The ears of the Gryllidae have not been so well investigated 
as those of the Locustidae, but are apparently of a much less 
perfect nature. No orifice for the admission of air other than 
that of the prothoracic stigma has been detected, except in 
Gryllotalpa. On the other hand, it is said ‘ that in addition to 
the tibial organs another pair of tympana exists, and is seated 
on the second abdominal segment in a position analogous to that 
occupied by the ear on the first segment of Acridiidae. 

The musical powers of the crickets are remarkable, and are 
familiar to all in Europe, as the performance of the house-cncket 
gives a fair idea of them. Some of the Insects of the family are 
able to make a very piercing noise, the note of Brachytrypea 
megacephalua having been heard, it is said, at a distance of a 
mile from where it was being produced. The mode of produc- 
* Brunner. Verh. zool.-bot. Qt». ITien, xjut . 1874, p. 288. 
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tion is the same as in the Locustidae, rapid vibration of tlie 

tegmina causing the edge of one of them to act on the file of the 
other. 

The mole-cricket, Gryllotcdpa vulgaris — the Werre of the 
Germans, Courtilikre of the French — is placed with a few 
a^ea in a special group, Giyllotalpides, characterised by tlie 
dilated front legs, which are admirably adapted for working 
underground. Like the mole, this Insect has a subterranean 
existence. It travels in burrows of its own formation, and it also 
forms beneath the surface a habitation for its eggs and family 
Ite habits have been alluded to by GQbert White.‘ who tells us 
that “ a gardener at a house where I was on a visit, happening 
to mowing, on the 6th of May, by the side of a canal, his 
scythe struck too deep, pared off a large piece of turf, and laid 
open to view a curious scene of domestic economy : there were 
many caverns and winding passages leading to a kind of chamber 
neariy smooth^ and rounded, and about the size of a moderate 
snuff-box. Within this secret nurseiy were deposited near a 
himdred eggs of a dirty yellow colour, and enveloped in a touoh 

beW ft w “y rudimente of young, 

tithfn tb “bstanoe. The eggs lay but ehallow, and 

withiD th6 inilu6Dce of the sun^ 

just under a little heap of fresh 

moved mould like that which is 

raised by ants.” 

The front legs are remark- 
able structures (Fig, 206), being 
beautifully adapted for burrow- - 
ing ; the tibiae and tarsi are 
arranged so as to act as shears 
when it may be necessary to 
sever a root. The shear - like 
action of the tarsus and tibia is 
very remarkable; the first and ^ 

second joints of the former are 206.— Front leg of the mole-cricket 

furnished with hard processes, ^ ' ** *" »‘‘** 

“Igea of the 

rlir of^hLr^ T “ “>an a 

pa shears. In consequence of its habit of cutting roots, 

• Aa<«raf BUtory c/ Seibome, Letter *a 
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the mole-cricket causes some damage where it is abundant. It 
is now a rare Insect in England, and is almost confined to the 
southern counties, but in the gardens of Central and Southern 
Europe it is very abimdant. Its French name courtUitre is 
supposed to be a corruption of the Latin curtilla. Its fondness 
for the neighbourhood of water is well known. De Saussxire 
says that in order to secure specimens it is only necessary to 
throw water on the paths between the flower-beds of gardens 
and to cover the wetted places with pieces of board ; in tlie 
morning some of these Insects are almost sure to be found under 
the boards disporting themselves in the mud. The Grjdlotalpae 
swim admirably by aid of their broad front legs. 

Ears exist in the mole-cricket, and are situate on the front 


leg below the knee, as in other Gryllidae, although it seems strange 
that a leg so profoundly modified for digging and excavating 
us is that of the mole-cricket should be prorided with an ear. 
In Gryllotalpa the ear is concealed and protected by being 
placed in a deep slit or fold of the surface, and this depression 
is all that can be seen by examination of the exterior (Fig. 206, <). 
In the allied genus Scapteriscus the tympanal membrane is, how- 
ever, destitute of special protection, being completely exposed on 


the surface of the leg. 

Although the tegmina or upper wings in Gryllotalpa are of 
small size, yet the true wings are much more ample ; they are 
of delicate texture and traversed by many nearly straight radii, 
so that they close up in the most complete manner, and form 
the two long delicate, flexible processes that in the state of repose 
may be seen projecting not only beyond the tegmina. but actual jr 
.surpassing the extremity of the body hanging down behind it, 

and looking like a second pair of cerci. 

The mole-cricket is believed to be chieBy carnivorous m its 

diet, though, like many other Orthoptera, it can 

its ^ppetitt to parts of the vegetable as well as ^ “‘mal 

kingdom. The Insect is capable of emitting “““J^er 

of a dull jarring note, somewhat like that of 

For this purpose the tegmina of the males ^ ^ ; 

upparatus^f the nature we have already descrited but winches 

very much smaller and less elaborate than it is m the tru 


crickets. 


The alimentary canal and digestive system of Gryllota p 
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present peculiarities worthy of notice. Salivary glands and 
reservoirs are present ; the oesophagus is elongate, and has on 
one side a ^culiar large pouch (Fig. 207, c ) ; beyond this is the 
gizzard, which is embraced by two lobes of the stomach. This 
latter organ is, beyond the lobes, continued backwards as a 
neck, which subsequently becomes larger and rugose-plicate. On 
the neck of the stomach there is a pair of branching organs, 
which Dufour considered to 
be peculiar to the mole- 
cricket, and compared to a 
spleen or pancreas. The single 
tube into which the Mal- 
pighian tubules open is seated 
near the commencement of 
the siiiall intestine. These 
tubules are very fine, and are 
about one hundred in num- 
ber. The arrangement by 
which the Malpighian tub- 
ules open into a common duct 
instead of into the intestine 
itself appears to be charac- 
teristic of the Gryllidae, but 
is said to occur also in 
Uphippiffera, a genus of 
Locustidae. According to 
Leydig' and Schindler the 
-Malpighian tubules are of 
two kinds, differing in colour, 
and, according to Leydig, in 

contents and histological Pio. 207.-AllaenUry c«al and appendage* of 
Structure. Near the posterior i?* 

puawjnur gund, receptacle ; e, lateral pooch : I 

^mato.gaatric nerree ; «, anterior lobes ot 

^mach ; /, peculiar organ ; g, neck of 

portion of Jmo ; i, reS- 

!^U.^ wtremity of bodv ; 

«, Malpighian tubes. (After Dufour 



extremity of the rectum 
there ia a lobulated gland 
having a reservoir connected 
with it; this is the chief 


Murce of the foetid secretion the moleKjrioket emits when seized 
The nervous chain consists of three thoracic and W aMo^^I 
g ngha , these latter do not extend to the extremity of the b 

* MUUer’i Afxh. 1869. p. 159. 


^y; 



336 


ORTHOPTERA 


CHAP. 



the three anterior of the four gangUa are but small, the terminal 
one being much larger. 

The number of eggs deposited by a female mole-cricket is 
large, varying, it is said, from 200 to 400. The mother watches 
over them carefully, and when they are hatched, which occurs in 
a period of from three to four weeks after their deposition, she 
supplies the young with food tUl their first moult ; after this 
occurs they disperse, and begin to form burrows for themselvea 

It has been said that the young are devoured by their parents, 
and some writers have gone so far as to say that 90 per cent of 
the progeny are thus disposed of. M. Decaux, who has paid 
considerable attention to the economy of the mole-cricket,* acquits 
the mother of such an offence, but admits that the male commits 


it. The number of eggs in one nest is said to be about 300. 

The embryonic development of the mole-cricket has been 
studied by Dohrn* and Korotneff,^ and is considered by the 

former to be of great interest. The 
tracheae connected with each stigma 
remain isolated, while, according to 
Korotneff, the development of the 
alimentary canal is not completed 
when the young mole - cricket is 
hatched. Perhaps it may be this con- 
dition of the digestive organs that 
necessitates the imusual care the 
mother bestows on her young. 

The genus Cylindrodes (Fig. 208, 
C. kochi) comprises some curious and 
rare Insects of elongate, slender form. 
They are natives of Australia, where 
the first species known of the genus 
Fio. 208. — Cylindrodes bxhu was found in Melville Island by Major 

campbell, from whom we learn that 
the extremity of the body muti- these Insects buiTOW in the stems of 

plants, and are so destructive that he 
was unable to keep a single plant in 
his greenhoxise on accotmt of the ravages of Cylindrodes 
camphellii. The form of these Insects is beautifully adapted to 



« BuU. Soe. ent. France, 1893, p. cccxlL 
« ^iischr. teiss. Zool. xxiiL 1876. p. 122. * IM. xli. 1885, p. 570. 
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their habits, the body being contracted in the middle in such a 
way as to permit the middle and hind legs to be packed against 
it, so that the cylindrical form is not interfered with by these 
appendages while the excavating anterior legs are at work in 
front of the Insect. The abdomen has nine segments ; the 
terminal one, said to be remarkably long and destitute of cerci, 
IB not shown in our figure. 

The genus Tridactylus is considered by de Saussure to form, 
with its ally Shipipteryx, a division of Gryllotalpinae, but they 
are treated, perhaps more 
correctly, by Brunner as a 
separate tribe. T. varies 
ffotus (Fig. 209) is a small 
Insect, abundant in sandy 
places on the banks of 
rivers in Southern Europe, 

—extending on the Shone 
as far north as Geneva, — 
and is remarkable for its 
great power of leaping, and 
for the rapidity with which 
it can burrow in the sand. 

This anomalous Insect has 
only ten joints to the an- 
tennae. Its alar organs 
are imperfect, and not like 



Fia 209.-^Tridaetylu3 varuffotus, Fnace. 


those of other Gryllidae in either form or neuration. The hind 
legs are of peculiar structure, the tibiae terminating in two prd- 
cesses tetween which is situate a rudimentary tarsus. Near the 
^tremity of the tibia there are some plates, forming two series, 
that can be adpreased to the tibia, or extended as shown in our 
The body is terminated by four rather short, very 
mobile processes ; the upper pair of these are each two-jointed, 
Md are thought by de Saussure and Haase » to be cerci ; the 
lienor pair, articulated processes of the anal segment, 

their presence in addition to cerci is remarkable. It is difficult 
to distinguish the sexes of this Insect. 

. genoB SJUpipteryx is allied to Tridactylus. It is 

widely distributed in South America, but the little Insects that 


VOL. T 


* Moryh. JcM. xv. 1889, p. 4CK). 
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Flo, 210. — JtAipipi^ryx $p.f 
Ama 20 u valley. 

lidae is very doubtfuL 


compose it are rare in coUections, their saltetorial powers no 
doubt making it difficult to catch them ; little is known as to 

their habits. In the undescribed Ama* 
zonian species we figure (Fig. 210), the 
wings, instead pf being mere rudiments, 
as in TridactyluSy are elongate and project 
beyond the body ; they are of a blue- 
black colour, and arranged so as to look 
as if they were the abdomen of the Insect ; 
they, moreover, have a transverse pallid 
mark, giving rise to an appearance of 
division. It is difficult to form any 
surmise as to the nature of so curious a 
modification of the winga 

The Tridactylides have no tympana on 
the legs, and their affinity with the Gryl- 
Dufour thought T. variegatiLS to be more 
allied to the Acridiidae. He based this opinion chiefly on some 
points of the internal anatomy, but pointed out that Tridactylm 
differs from the Acridiidae in having no air -sacs in the 
body. 

Not many of the Gryllidae are so peculiar as the foims we 
have mentioned. The family consists in larger part of Insects 
more or less similar to the common cricket, though exhibiting 
a great variety of external form. The common cricket of our 
houses, Gryllus {Acheta) domesticus (Fig. 204), has a very wide 
distribution in the Old World, and is also found in North America. 
It is believed to have had its natural distribution extended by 
commerce, though really nothing is known as to its original 
habitat. The shrill chirping of this little Insect is frequently 
heard at night in houses, even in the most densely inhabited 
parts of great cities. Neither the female nor the young are 
musical, yet the chirping may be heard at all seasons of the year, 
as young and adults coexist independent of season. The pre- 
dilection of Gryllus dovusticus for the habitations of man ia very 
curious. The Insect is occasionally found out of doors in the 
neighbourhood of dwelling-houses in hot weather, but it does not 
appear that this species leads anywhere a truly vdld life. It is 
fond of heat ; though it rarely multiplies in dwelling-houses to 
any great extent, it is sometimes found in profusion m bake- 
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houses. XTsuallj the wings in the cricket are elongate, and pro- 
ject backwards from under the tegmina like an additional pair 
of cetci ; a variety, however, occurs in which these tails are 
absent, owing to abbreviation of the wings. 

There is no beauty in the appearance of any of the Gryllidae, 
though many of them are very bizarre in shape. Very few of 
them venture to leave the surface of the earth to climb on 


plants. The species of Oeeanthui, however, do so, and may be 
found sitting in flowers. They have a more Locustoid appearance 
than other Gryllidae. One of the most curious forms of the 
family is Platyblemmus, a genus of 
seveial species foimd in the Mediter- 
ranean region, the male of which has 
the head prolonged into a curious pro- 
cess (Fig. 211); this varies greatly in 
development in the males of the same 
species. It would seem that this organ 
is of a similar nature to the extra- 
ordinary structures we have figured in 
Locustidae (Fig. 189) and Mantidae 



(Fig. 136), though it appears impossible 
to treat the cephalic appendages oiPlaty- 
Hemmus as ornamental objects ; their 
import is at present qxiite obscure. 

A curious form of variation occurs 


B 

Pio. 211. — PUUyblemn\u luai- 
tanieua, male. A, front of 
head : B, profile of Insect 
with most of th« appendages 
removed. 


in this family, and is called micropterism by de Saussure ; we 
have already mentioned its occurrence in the houae^sricket. The 


hind wings, which are usually ample, and frequently have their 
extremities rolled up and protruding like cerci, are sometimes 
much smaller in sire, and not visible till the tegmina are ex- 
panded. De Saussure at one tune supposed these micropterous 
individuals to be distinct species; it is now, however, known 
that intermediate examples can be found by examining a great 
many specimens. Some species are always micropterous. 

In Britain we have only four representatives of the Gryllidae. 
viz. the mole-cricket, the house-cricket, and two field-crickets, 
one of which, Nemohiu$ sylvtstrU, is considerably smaller than 
the house-crioket, while the other, Oryllua camp^sirit, the true 
field-cricket, is a larger Insect. Its habits have been described 
in an interesting manner in Gilbert 'White’s 88th letter. 
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This Insect, like so many others, is apparently becoming rare in 
this country. * 


^ described as belonging to 

the Gryllidae, but m the Tertiary strata a variety of members of the 

famJy have been discovered both in Europe and North America. 

The classification of Gryllidae is due to de Saussure,' and is 

said by Brunner to be very natural In the following synopsis of 

the tribes of crickets we give de Saussure’s arrangement, except that 

we follow Brunner in treating Tridactylides as a distinct tribe •— 


1. Antennae ten-jointed ; poeterior tarsi aborted. Tribe 1. TniDACTTtroES. 

(Fig. 209, Trid<utylus varUgatua; Fig. 210, Rhipipteryx sp.) 

1 . Antennae many jointed ; poeterior tarsi normal. 

2. Tarsi compressed, the second joint minute. 

3. Anterior legs foasorial ; anterior tibiae at the apex with two to 
four divisions. Pronotum elongate, ovate, rounded behind. 
Female without ovipositor. Tribe 2. Gryllotalpides. (Fig. 
206, front legs of Giyllotalpa ; Fig. 208, Cylindrode* koehi.) 

3'. Anterior legs formed for walking. Ovipositor of the female 
visible (either elongate or rudimentary), 

4. Posterior tibiae biseriately serrate. IWbe 3. Mtrhkco- 
PmUDES. 

4 . Posterior tibiae biseriately spinose. Ovipositor straight. 

5. Antennae short, thickish^ almost thread-like. Facial 
scutellnm exserted between antennae. Poeterior tibiae 
dilated. Gen. Afyrmecophila.^ 

Antennae elongate, detaceoos. Facial scutellum trana- 
verse, visible below the antennae. Tibiae slender. 

6. Posterior tibiae armed with two strong spines, not 
senate between the spines. Tribe 4. ObtIaLIDES. 
(Fig. 204| Grt/Uus domaticiu ; Fig. 211, Platy^ 
hlemmus lu$xtanicut,) 

6^ Posterior tibiae slender, armed with slender spioee, 
and serrate between them. Tribe. 5. OECAif* 
THIDES. 

2'. Second joint of the tarsi depressed, heart-shaped. 

3. Posterior tibiae not serrate, but biseriately spinose. 

4. The spines on each side three and mobile ; apical spurs 
on the inner side only two in number. Ovipositor short, 
curved. Tribe 6. TaiGOKonDES. 

The spines numerous, fixed. Ovipoeitor elongate, straight. 
Gen. SltnogryUiu. 

3'. Posterior tibiae serrate and spinose on each side, the apical spurs, 
as usual, three on each aide. Ovipositor straight or curved. 
Tribe 7. Ensopterides. 


* Mem. Soc.phys. OeiUve, xxt. 1877, and^^. Cenlr. Amer. OrihcpUra, 1894. p. 198. 
^ The genus MyrmecopKitog being exceptional in several respects, is treated separately. 


CHAPTER XV 

NSUROFTERA MALLOPHAGA EMBIIDAZ 

Order m. Neuroptera. 

Imago toith hiting mouth ; with two pairs of wings, the anterior 
as well as the posterior membranous, usually with extensive 
neuration, consisting of elongate nervures and either of 
short eross-nervules forming numerous cells or of a com- 
plex minute mesh -work. {One division, Mallophaga, con- 
sists eniirely of wingless forms ; in Termiiidae some of the 
individuals of each generation "become winged, but others 
do not : exeejpt in these cases adult wingless forms are few.') 
The metamorphosis differs in the several divisions. 



Flo. 212.~>0«my{w« tJuysops, N«w Fomt 


The Kexiroptera form a heterogeneous, though comparatively 
small, Order of Insects, including termites, stone-flieS) dragon- 
flies, may-flies, caddis-flies, lace-wings, scorpion-flies, ant-lions, etc. 
Bird-lice are also included in Neuioptera, though they have no 
trace of wings. 

We treat the Order as composed of eleven distinct families, 
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and, as a matter of convenience, arrange them in five 
divisions : — 

1. Mallophaga . — Permanently wingless Insects, living on the bodies of birds 

or mammals. (Development very imperfectly known.) Fam. 1. 
Mallophaga. 

2. PseudoTieuroptera . — Insects with wings in adult life (in some cases wings 

are never acquired). The wings are developed in a visible manner 
outside the body. There is no definite pupa. Live entirely on land. 
Fam. 2. Embiidae ; 3. Termitidae ; 4. Psocidae. 

3. NeuTOptera amphibiotica . — Wings developed as in divisiou 2. Three ocelli 

usually exist Life aquatic in the early stages. Fam. 5. Perlidae; 
6. Odonata ; 7. Ephemeridae. 

4. NeuropUra planipennia . — Wings developed internally ; not visible in early 

stages, but becoming suddenly evident when the pupal form is 
assumed. Mandibles present in the adult Insect Life in early 
stages aquatic or teirestriaL Fam. 8. Sialidae; 9. Panorpidae ; 10. 
Hemerobiidae. 

5. Trickoptera . — Development as in division 4. Mandibles absent in the adult 

Insect Life aquatic in the early stages, Fam. 11. Phryganeidae. 


The families we have enumerated in the preceding scheme are 
now generally adopted by entomologists. Great difference of 
opinion exists, however, as to the groups of greater value than 
the family, and for a long time past various schemes have been 
in vogue. Though it is necessary to allude to the more important 
of these systems, we can do so only in the briefest manner. 

Some of the families of Neuroptera are similar in many points 
of structure and development to Insects of other Orders ; thus 
Termitidae are somewhat allied to Blattidae, Perlidae to Phas- 
midae in Orthoptera, while the Phryganeidae or Trichoptera make a 
considerable approach to Xepidoptera, Some naturalists among 
whom we may mention Biirmeister and Grass! — unite our Aptera, 
Orthoptera, and most of our Neuroptera into a single Order 
called Orthoptera. Others treat our Neuroptera as consisting 
of eight or nine distinct Orders ; these, together with the ^es 
proposed for them, we have already aUuded to in our chapter 

on classification, pp. 171-177. 

Erichson, impressed by the variety existing in Neuropt^, 
separated some of the groups into a oub-Order caUed Pseudo 
neuroptera ; this sub-Order comprised our TermitK^, 
Ephemeridae, and LibeUuiidae. This division is stiU adopted in 

several treatises; the Pseudoneuroptera are ^ 

naturalists retained as an Order distinct from both Orthoptera 
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and Neuroptera. Gerstaecker subsequently made tise of a system 
somewhat different from that of Erichson, uniting the Perlidae, 
Ephemeridae, and Odonata into a group called Orthoptera 
amphiJnotica, from which the Termitidae and Psocidae were 
excluded. The divisions we have here adopted differ but little 
from those of Gerstaecker, though we have arranged them in a 
very different manner. It is probable that not one-tenth part of 
the Neuroptera existing in the world have yet been examined by 
entomologists, and of those that are extant in collections, the 
life-histories and development are very imperfectly known. We 
have, therefore, not considered it wise to adopt a system that 
would involve great changes of nomenclature, while there can 
be little hope of its permanency. 

Fossils. — When considering the subject of fossil Insects we 
briefly alluded to the discussions that have occurred as to whether 
the fossils of the palaeozoic period should be referred to existing 
Orders. Since the pages we allude to were printed, M. Brong- 
niart’s very important work^ on the Insects of that epoch has 
appeared. He considers that these ancient fossils may be classi- 
fied with the existing Orders of Insects, though they cannot be 
placed in existing families ; and he assigns the palaeozoic fossil 
Insects at present known, to the Orders Neuroptera and Orthop- 
tera, and to the homopterous division of Hemiptera. The greater 
part of the species he looks on as Neuroptera, and- places in 
six families — Megasecopteides, Protephemerides, Platypterides, 
Stenodictyopterides. Protodonates, .and Protoperlides. Of these 
he considers the ancient Protephemerides, Protodonates, and 
Protoperlides as the precursors, which, we presume, we may inter- 
pret as the actual ancestors, of our existing Ephemeridae, Odonata 
and Perlidae. ’ 

Some of the fossils restored and described by the French ento- 
mologist are of great interest. We shall notice the Prote- 
phemeri^, Protodonates, and Protoperlides in connexion with 
the fen^M to which they -are speciaUy allied, and shall now 
only allude to the quite extinct families of Neuroptera, the 

Me^aecopterides, Ptatypterides, and Stenodictyopteridea. 

It IS a peculiarity of these ancient Insects that they were 
creatures than the cortesponding forms that now 
exist This may be due. to some extent, to the feet that tiny, 

* Jntedti/c$$itt$ dea Ua^ prinairet, 1893, toI. L «ad ktlaa. 




fragile forms have not been preserved in the rocks, or have not 
attracted the attention of collectors ; but as some of the iwlaeozoic 
Insects were absolutely the largest known — surpassing consider- 
ably in size any Insects at present existing — it is probable that, 
even if small forms existed at the remote epoch we are alluding 
to, the average size of the individual was greater than it is at 
piesenl. The Megasecopterides of the carboniferous epoch were 
Insects of large size, with long, narrow wings, a small prothorax, 
arul large meso- and meta-thorax, these two segments being equal 
in size; the abdomen was elongate and moderately voluminous, 
and was terminated by a pair of very elongate, slender filaments 
like tliose of the may-flies. The family includes several genera 
and species found at Commentry. One of these forms, Cory- 
dabndes scudderi, is of great interest, as it is believed by Brong- 
niart that the imago possessed tracheal gills situated on the 
sides of the abdomen, analogous with those that exist at present 
in the immature condition of certain Ephemeridae. They are of 
interest in connexion with the gills foimd at the present time in 
the images of Pteronarcys (see p. 401). Although these fossils 
are of such enormous antiquity, the tracheae can, M. Brongniart 


says, be still perceived in these processes. 

The Platypterides include also a considerable number of 
insects of large size, with four large equal wings, frequently 

spotted or variegate. Some of 
1 these Insects were provided 

with expansions or lobes on 
the sides of the prothorax 
(Fig. 213); these are looked 
'' analogous to the ex- 

pansions of meso- and meta- 
thorax, which are supposed by 
some writers to have been 
, the rudiments from which 

Fia 213 . — LUhofitantis earoonana. Car- . TKoca 

V.niferous strata of Commentry. France. WingS were developed. Ihe^ 

(After Broiibrniort.) prothoracic wing-rudiments, if 

sucl. they Ijc, are said to liave a system of nervures similar to 
wltat we find in true wings. The genus Ziihomantis includes a 
Scotch fossil, and has already been mentioned by us on p. 259. 

The tliird family of extinct carboniferous Neuroptera is the 
Stenodictyopterides. in which Brongniart places the Pictyonenra of 
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Goldenberg, the Xoi th American HaplophleHum, and several genera 
iVoiu Coiumentr}’. Some of them were very large Insects, with 
robust bodies, and possessed wing-like expansions on the prothorax, 
and lateral gill-like appendages on the sides of the abdomen. 

It is worthy of note that though so large a number of car- 
boniferous Neuroptera have now been discovered, no larvae or 
immature forms have been found. 

We now pass to the consideration of the divisions of Neurop- 
tera still living. 


Fam. I. Mallophaga — Bird-Lice or Biting^ Lice. 

Small Insects, wingless, with large head ; thorax usually of two, 
rarely of one or three segments ; 
prothorax alway>i distinct; kind 
lody consisting of eight to ten 
segments, in addition to the pos- 
terior t'oo thoracic segments which 
Ksxuilty are hut little or not at 
(dl separated from it. The meta- 
morphosis is very slight. The 
creatures live on the shins of birds 
or mammals, finding nourishment 
in the epidermal products. 

The whole of the Insects of this- 
femily live a parasitic, or rather epizoic, 
life. They all creep about those parts 
that are near to the skin, the feathers 
of birds or the hair of mammals; 
they rarely come quite to the surface, 
so that they are not detected on a 
superficial examination. It is curious 

f ‘hey should exliibit so great a 

varmty of form and of anatomical characters as they do 

1 hey are very depressed, that is, flat. Insects, with a loree 

wteh exhibits a great variety of shape ; frequently it U 

Ln'a**!? ^ antennae with some peculiar tuLrcles 

"%“vTToi^f “““ 1 ‘hey eonsUt oiZT^ 

hve jomts, and are sometunes concealed in a cavity on the 



Fic 


^ 214. — TViiwion luriduw^ 

Lives on the cciQmoii duck 
and various species of Anas. 
(After Giebel.) 
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under side of the head. The eyes are very rudimentary, and 
consist of only a small number of isolated facets placed behind 

the antennae ; sometimes 
they are completely absent. 
The mouth parts are situ- 
ated entirely on the vmder- 
surface of the head and in 
a cavity. The upper lip 
is frequently of remarkable 
form, as if it were a scrap- 
ing instrument (ol, Fig. 

Fia. 215. — CTnder-sarface of head of Lipeurua 215). The mandibles are 

heteroffraphua. (After Orosse.) ol, Labiam ; sharply tOOthed and appar- 
md, mandible ; v»x, maxilla ; ul, labium. , ' . 

ently act as cutting instru- 
ments. The maxillae have been described in the principal 
work on the family^ as possessing in some cases well-developed 
palpi. According to Grosse * this is erroneous ; the maxillae, he 
says, are always destitute of palpi, and are of peculiar form, being 
each merely a lobe of somewhat conical shape, furnished on one 
aspect with hooks or setae. The imder lip is peculiar, and 
apparently of very different form in the two chief groups of 
Mallophaga. The 
large mentum bears, 
in Liotheides (Fig. 

216, B), on each side 
a four-jointed palpus, 
the pair of palps 
being very widely 
separated ; the ligula 
is broad and undi- 
vided ; on each side 
there is a paraglossa 
bearing an oval pro- 
cess, and above this 

is a projection of the hypopharynx. In Philopterides (Fig. 216, 
A) the palpi are absent, and the parts of the lower lip 
with the exception of the paragloesae — ^but little differentiated 
The lingua (hypo-pharynx) in MaUophaga is largely developed, 

* Giebel and Nitiwb, Itmda epixotea, folio, 1874. 

• ZeitaAt. wUa. Zod, xlii. 1885, p. 537. 



Fio. 216.— Under lip of A; and of Tetropk- 

Uudmxu ehilensU, B. (After Groam.) "H Mentum ; 
g, ligula ; palp ; jy, paragloaaa j Ay, lingua. 
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and bears near the &ont a chitinous sclerite correspouding with 
another placed in the epipharyuz. 

The prothorax in Mallophaga is a distinct division of the 
body even when the meso- and meta-thorax appear to be part of 
the abdomen. The mesothorax is frequently very small ; it and 
the metathorax are sometimes intimately connected. In other 
cases {laemohothrium) the metathorax appears to differ from the 
following abdominal segment only by having the third pair* of 
legs attached to it. In Trinoton (Fig. 214) the three thoracic 
segments are well developed and distinct. The abdominal 
segments visible, vary in number from eight to ten ; there is 
sometimes a difference according to sex, the male having one 
segment taken into the interior in connexion with the repro- 
ductive organa The legs have short, broad coxae and small 
tarsi of one or two joints ; very rarely three joints are present ; 
there are either one or two claws ; the legs with one claw being 
adapted for clinging to or clutching 
haira The front pair of legs is used 
not for locomotion so much as for 
grasping the food and bringing it 
within the range of the mouth. No 
trace of wings has been detected in 
any speciea 

The nervous system has been 
examined by Giebel in Lyptwrus 
bacHluo; there is a supra- and an 
infra-oesophageal ganglion, and three 
thoracic, but no abdominal ganglia. 

The supra-oesophageal is remarkably 
small, in fact not larger than the 
infra - oesophageal ; it consists evi- 
dently of two conjoined halves. The 
alimentary canal has a slender, elon- 2,7 , 

gate oesophagus, dilated behind into a tam of 
crop ; this is frequently received be- «. ot head. 

twMn two cornua formed by the anterior part of the stomach, 
which, except for these, is mmply tubular in form, though some- 
w^t narrower at the posterior extremity. In some forms— 
Philoptendee— the <irttp is of a very peculiar nature (Fie. 218’! 
forming an abrupt paunch separated finm the stomach by the’ 
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posterior portion of the oesophagus. There are only four Mal- 
pighian tubes ; in some species the basal 
half of each tube is much dilated. The 
^ two divisions of the intestine are short 

separated by the intervention of a 
/ glandular girdle. Salivary glands exist j 
* \ Giebel figures what we may consider to 

I ^ I bean enormous salivary reservoir as exist- 

In' ^ / ing in Mertjojpon leucostomum. 

'-O N The testes and ovaries are of a simple 

I d If/ jyJ ( nature. The former consist of two or 
N — dj three capsules, each having a terminal 

thread ; the vasa deferentia are tortuous 
* T and of variable length ; they lead into 

Gj ^ the anterior part of the ejacidatory duct, 

where also opens the elongate duct pro- 

Fio. 2i8.-Aiin..otary “eding from the bicapsular vesicula semi- 
of Docopharxu /itaeieoiiis. nalis ; these structures have been figured 

Grosse' as weU as by Giebel. The 
posterior division of oeso- ovaries consist of three to five short egg- 

fricToVstoii.2hrd.M:3: side; the two oviducts 

pigbiu tubes ; e, small combine to form a short common duct 

;*p,' rectum***^”^ with which there is connected a recepta- 

culum seminis. 


The eggs of some Mallophaga have been figured by Melnikow ; * 
they possess at one extremity a cover with a multiple micropyle- 
apparatus, and at the opposite pole are provided with seta-like 
appendages. They are very like the eggs of the true lice, and are 
said in some cases to be suspended by threads to the hairs or 
feathers after the fashion of the eggs of Pediculi. 

Little is known as to the development ; the young are ex- 
tremely like the adult, and are thought to moult frequently ; the 
duration of life is quite unknown. 

It has been stated by some writers that the mouth is truly of 
the sucking kihd, and that the Mallophaga feed on the blood of 
their hosts. This is, however, erroneous ; they cat the delicate 
portions of the feathers of birds, and of ma mmals perhaps the 
young hair. Their fertility is but small, and it is believed that 


» ^a*ehr. uriM. Zool. xUi 1885, pL xviiL f. 15. 

* Arch./. Jfdturg. xxxv. i. 1889, p. 154, pU. x. xi. 
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in a state of nature thej are very rarely an annoyance to their 
hosts. The majority of the known species live on birds ; the 
forms that frequent mammals are less varied and have been less 
studied ; most of them have only one claw to the feet (Fig. 220), 

while the greater portion of the avicoloua species have two 
claws. 



Plo. 219.-— X%p«iinu tamaiua, msle ; 
inhabits SetreorhampKut papa. 
(AfUr OieboL) 



Fio. 220. — TriehodeeUt lat%u, male ; 
inhabits tbe dog, Canis /amUi- 
aru. 


Most of the forms have the anterior legs small, and they are 

^uaUy drewn towards the mouth, owing, it is believed, to their 

teing used after the manner of hands to bring the food to the 

mouth .hence in some of our figures (219, 220) the body looks 
M 11 It nad only four legs. 

forZ^f been made as to whether aUied 

forms of Mallophaga are found only on aUied birds. It would 

^pear that this is the case only to a limited extent, as cer to 
T * variety of birds ; moreover some 

has been recorded as occurring on many kinds of ducks 
and geese , the swan, however, harbours a distinct species Dotia 

^ to >-ve a.« been SVX 

bee^foi^‘ five species, belonging to three distinct genera, have 

s r ES: ”52 ,t5 
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221), whicli is said to have been figured by Kedi two hun- 
dred years ago under the name of Pidex 
capi. This species multiplies to a con- 
siderable extent ; it is of very active 
habits, and passes readily from one bird 
to another, so that it is foimd on other 
species besides the domestic fowl It is 
even said that horses kept near hen- 
roosts have been seriously troubled by 
Menopon pallidum, but it is suggested 
by Osborn that these attacks may per- 
haps have been really due to itch-mites. 
There is, however, no doubt that this 
OaU\u dtn>uatieus. (After species may infest poultry, especially if 

sickly, to an enormous extent. The dust- 
baths in which poultry are so fond of indulging are considered 
to be of great use in keeping down the numbers of this Insect. 

A table of the birds and mammals on which Mallophaga 
have been found, together with the names of the latter, has been 
given by GiebeL' The classification of the group, so far as the 
principal divisions are concerned, by no means accords with the 
kind of animals that serve as hosts, for the only two genera 
peculiar to quadrupeds {Trichodectes, Fig. 220; and Oyropus) 
belong to the two chief divisions of Mallophaga. The genus 
Menopon includes numerous species found on birds, and three or 

four others peculiar to mammals. 

Two very natural divisions, Philopterides and Liotheides, were 

adopted by Giebel and Nitzsch, but unfortunately the chief 
character they made use of for diagnosing the two groups— the 
presence or absence of maxillary palpi— was illusory. Apparently 
the labUl palps wiU serve the purpose of extinguishing the 
two divisions, they being present in the Liotheides and abwut in 
the Philopterides. A table of the characters of the avicolous 

genera of these two groups is given by Grosse. 

The Liotheides are more active Insects, and leave their host 
after its death to seek another. But the PhQopterides do not 
do so. and die in about three days aftw the death of ‘^eir host 
Possibly Mallophaga may be transferred from one bird to another 

Xieyden^ loou. 
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by means of the parasitic two-winged flies that infest birds. 
The writer has recorded^ a case in which a specimen of one of 
these bird-flies captiired on the wing was foimd to have some 
Mallophaga attached to it. 

We should perhaps point out that these Mallophaga, though 
called bird-lice, have nothing to do with the true lice which are 
so frequently foimd with them, and that live by sucking the 
blood of their hosts. It would in fact be better to drop the 
name of bird-lice altogether, and call the Mallophaga biting lice. 
Triehodeeta latxts, according to this method, would be known as 
the biting louse of the dog, the true or sucking louse of which 
animal is Scumaiopinus piliferus, and belongs to the anoplurous 
division of Hemiptera. 


Fam. n. Embiidae. 


Elongate fe^le Imeete ; vnth evuUl prothorax, elongate m«50- and 
meta - thorax^ which 
may either hear winge 
or he without them. 

In the former case 
these organs are not 
caducous, are deli- 
cately membranous, 
and all of one consist- 
ence, with three or 
four indefinite longi- 
tudinal nervures and 
a few eross-veinlets. 

The devdopmenX is 



Fia 722.^0l{gol<ma (After 

M*Lac1i1a2l) 


incompletely knowTL The individuals do not form orqani&td 

societies. ^ 

The Embiidae are one of the smallest fomiUes of Insects* 
not more than twenty species are known from aU parts of the 
world, and it m probable that only a few hundred ac^Sy exist 
They are and feeble Insects of unattractive 

and slmvel so much after death as to render it .uSi? to 
ascertain their characters. They require a warm c^at 

^ P.enL Soe. London, 1890, p. 
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it is not a matter for surprise that little should be known about 
them. 

The simple antennae are formed of numerous joints, probably 
varying in number from about fifteen to twenty-four. The mouth 
is mandibulate. Chatin states ^ that the pieces homologous with 

those of a maxilla can be detected in the 
mandible of Evibia. The labium is divided. 
The legs are inserted at the sides of the 
body, the coxae are widely separated (Fig. 
223), the hind pair being, however, more 
approximate than the others. The abdo- 
men is simple and cylindrical, consisting of 
ten segments, the last of which bears a pair 
of biarticiilate cercL In the male sex there 
is a slight asymmetry of these cerci and 
of the terminal segment. The thorax is 
remarkable on account of the equal develop- 
ment of the meso- and meta-thorax and 
their elongation in comparison to the pro- 
thorax. When they bear wings there is no 
modification or combination of the segments 
Fio. 223. — Under-surface for the purposes of flight, the condition of 
of Bmbia. sp. Andalusia, parts being, even then, that of wing- 

less Insects ; so that the Embiidae that have wings may be 
described as apterous- 
like Insects provided 
with two pairs of in- 
efficient wings. The 
wings are inserted on 
a small space at the 
front part of each of 
the segments to which 
they are attached. 

The legs have three- 

jointed tarai. and are 224 .-Ant«rior wing of 
destitute of a terminal b, outUn# of the wmg, 

annendaffe between Wood-Mi«,n.) 1. ^Oortal ; 2, aubcoetal, 3, 

appenaage oeeween ^ ^ discouUi j 6, * 0*1 norure. 

the claws. , 

The wings in Embiidae are very peculiar ; they are extremely 

» Bull. Soe. Philom. (7) ix. p. S8. 
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flimsy, and the nervures are ill-developed ; stripes of a darker 
brownish colour alternate with pallid spaces. We figure the an- 
terior wing of Oligotoma mundergii, after Wood-Mason ; but should 
remark that the neuration is really less definite than is shown 
in the^ figures ; the lower one represents Wood-Mason’s inter- 
pretation of the nervures. He considers * that the brown bands 
" mark the original courses of veins which have long since dis- 
appeared." A similar view is taken by Eedtenbacher.* but at 
present it rests on no positive evidence. 

One of the most curious features of the external structure 
18 the complex condition of the thoracic sternal sclerites. These 
^ shown in Fig. 223. representing the under-surface of an 

According to Grassi ’ there are ten pairs of stigmata, two 
thoracic and eight abdominal; these are connected bv longi- 
tudinal and transverse tracheae into a single system. tL 
^ngha of the ventral chain are. one suboesophageal, three thor- 
MIO and seven abdominal ; these are segmental^placed except 
that there is no gangUon in the fifth abdominal regment.' There 

glands are present The stomodaeal portions of the alimeiw 
slender"liJI^“T d‘“^ carious ; the stomach is elongate S 

I P. ZooL Soe. London, 1M8, p. «2«. 

» *• P- 

•dUt Ace. CHoonxa, Tii lStS. 

2 A 
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as to these is chiefly to be found in Grassi’s work. The two 
species studied by him were wingless. They live under stones, 
where they spin webs by means of the front feet, whose first 
joint is, as we have said, enlarged and contains glands; the 
Insect uses the webs as a means of support in progression, acting 
on them by means of papillae and a comb-like structure placed 
on the four posterior feet. 

Grassi informs us that these Insects are not uncommon under 
stones in Catania ; they require moisture as well as warmth, but 
not too much ; sometimes there is only one individual found 
under a stone, at others eight or ten. In the winter and spring 
their galleries are found on the surface of the earth, but in 


the hot months of summer they secure the requisite amount 
of moisture by sinking their galleries to the depth of ten or 
fifteen centimetres. Their food consists chiefly of vegetable 
matter. They may be reared with ease in glass vessels. Other 
species of the family attain wings ; the details of the process are 
not well known. Oligotoma michaeli (Fig. 222) was discovered 
in a hothouse in London among some orchid roots brought from 
India, and was found in more than one stage of development ; 
the young greatly resemble the adult, except in the absence of 
wings. A nyraph-form is described by M'Lachlan ^ as possess- 
ing wings of intermediate length, and Hagen has suggested that 
this supposed nymph is really an adult female with short wings. 
If this latter view be correct, nothing is known as to the mode 
of development of wings in the family. It is still uncertain 
whether female Embiidae ever possess winga Wood-Mason and 
Grassi have shown that there are wingless females in some species, 
and we know that there are winged males in others, but what the 
usual relation of the sexes may be in this respect is quite uncer- 
tain. These Insects have been detected in various parts of the 
world. In the Sandwich Islands Oligotoma insidaris was dis- 
covered by the Rev. T. Blackburn in the wood and thatch form- 
in<r the roofs of natives' houses. A species has been found in 
Prussian amber, and Grassi thinks that £mbia so/tm—one of 
the Mediterranean species— is not to be distinguished with cer- 


tainty from the Insect found in amber. 

Embiidae atill remains one of the most enjpnatic of the 
families of Insects. Although Grassi’s recent observations are 


* J. iinn. Soe. Zool. xiii. 1878, pi* **>• 2. 
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of great value an anatomical point of view, they rather add 
to, than diminish, the difficulties we encounter in endeavourin<» 
to imderstand the lives of these obscure creatures. That 
Embudae form webs has long been known, and it was thought 
by some that the webs, like those of spiders, might be of assist- 
ance in procuring f^d. We may. however, infer from Grassi’s 
observations that this is not the case, but that the silken tunnels 
or gaUeries— M he caUs them— serve chiefly as a means of 
^motion and protection, the feet of the Insects being highly 
moMed m eonfonn.ty with this mode of life Graii sims 
be of opinion that the galleries are also useful in preserving 
a proper degr^ of humidity round the Inseeta We Ze 
already alluded to the mystery that surrounds the mode of 

Ernbii.^ IS contained in Grassi’s paper, or is referred to in 
Hagen s monograph of the family.* ^ 

aUi^ -Ufferenee of opinion has prevailed as to the 

SB* rB- - - 

* Canadian EnUmalogi^^ xrii. 1885 , throtighoQt. 



CHAPTER XVI 


NEUROPTERA COyTiyVED TERMITIDAE, TERMITES OR 'WHITE ANTS 

Fam. III. Termitidae — White Ants, Termites. 

Each species is social, and consists of winged and vnnglcss indi- 
viduals. The four wings are, in repose, laid fat on the 
back, so that the upper one only is seen except just at the 
bases ; they are vieynbranous and very elongate, so that they 



extend far beyond the apex of the abdomen ; the hind pair 
is remarkably similar in size, form, and consistence to the 
front pair: near the base of each wing there is a suture, 
or line of weakness, along which the wings can be broken off, 
the stumps in that ease remaining as short horny flaps re- 
posing on the back. LigvXa channelled hut not divided xnto 
two parts. The wingless individuals are very numerous, and 
have the head and thirteen body segments distinct; the o y 


CHAP. XVI 


TERMITIDAE 


357 


is termhiated by a pair of short ccrci. The metamorphosis 
is slight and gradual, and in some individuals is dispensed 
with. 


The term White Ants has been so long in use for the Termitidae 
that it appears almost hopeless to replace it in popular use by 
another word It has, however, always given rise to a great 
deal of confusion by leading people to suppose that white ants 
differ chiefly from ordinary ants by their coloxir. This is a most 
erroneous idea. There are scarcely any two divisions of Insects 
more different than the white ants and the ordinary ants. The 
two groups have little in common except that both have a social 
life, and that a very interesting analogy exists between the forms 
of the workers and soldiers of these two dissimilar Orders of 
Insecte, giving rise to numerous analogies of habits. The word 
Termites— pronounced as two syllables — is a less objectionable 
name for these Insects than white ants. 


The integument in Termites is delicate, and the chitinous 
plates are never very hard ; frequently they are so slightly 
developed that the creature appears to consist of a single mem- 
branous sac with creases in it. the head alone being very distinct. 
The head is exserted, frequently of large 
size, sometimes as large as all the rest 
of the body together. Termites may 
be quite blind, or possess facetted and 
simple eyes, the latter when present 'nffC 
being two in number and always accom- 
panied by facetted eyes. The antennae o*! ^ ° 

are simple, consisting of from nine to uSb. 
thirty - one joints, which differ but 
little from one another ; the number in Hagen.) 

each individual increases as the development progresses. The 

(J?ig. 226, A), but often has the appearance of being formed by 

extremity are seated two pairs of 


The head is wtiouUtcd to the thorax by means of two very 
lar^ cervical sclentes on each side, placed at right angles to ^ 
another, and visible on the under-surface. The pro^ror^x is 
weU developed and distinct from the parts behind it The pro- 
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notum, of variable form and size, is very distinct in the perfect 
Insects ; with it are connected the largely developed pleura. The 
episternmu is very peculiar, consisting of an elongate chitinous 
slip on each side hanging downwards, the two not quite meeting 
in the middle ; they thus form the margin of the very large 
anterior orifice, and are in contiguity with the cervical sclerites ; 
behind them are the very large epimera. The prosternum 
appears to be usually entirely membranous ; in some cases the 
sclerite in it is small and delicate, and apparently differs accord- 
ing to the species. The meso- and meta-thorax are sub-equal 
in size ; the mesostemum forms a peculiar, large, adpressed fold. 
The metasternum is membranous, but is terminated behind by 
a sclerite apparently of variable form. The hind body is volumi- 
nous, simple in form, consisting of ten segments and bearing at 
the extremity two short distant cerci of a variable number of 
joints. The terminal ventral sclerites differ greatly in form 
according to the species and sometimes according to the sex ; 
there are sometimes, if not always, present near the extremity 
two peculiar minute biarticulate styles, called appendices anales. 
The coxae are all large, free, and exserted ; at the base of each 
is a transverse trochantin. The femora are articulated with 
the trochanters, not with the coxae ; both femora and tibiae 
are slender, the tarsi small, four - jointed ; the terminal joint 
elongate. 

It is now well established that Termites have a means of 
communication by sounds. The individuals have a peculiar way 

of jerking themselves, as has 
been frequently noticed by ob- 
servers of the Insects ; these con- 
vulsive movements may possibly 

be connected with the production 
Fia 227. — Front tibU And tATtos of, v u 

CaiotermtM rugonu Iaita, showing of sound, which may perhaps be 

orgAn. X 90. (AiUr p. evoked by contact between the 
**^*^’^ back of the head and the pro- 

notum ; the exact mode by which the sounds are produced is not, 
however, known. The existence of an auditory organ in the 
front tibia has been demonstrated by Fritz Miiller,* and we 
reproduce (Fig. 227) one of his figurea The structure seems to 

* Jena. ZeiUehr. Naturw. lx. 1875, pL xiL See Also Stokes in SeUnee, xxii 
1893, p. 273. 
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be in plan and position similar to the ear of Lociistidae, 
though much less perfect. 

The wings of Termitldae are not like those of any other 


Insects ; their neuration 
wings of the different 
forms exhibit great differ- 
ences in the extent to 
which they are made up 
of the various fields. This 
is shown in Fig. 228, 
where the homologous 
nervures are numbered 
according to the systems 
of both Hagen and Bed- 
tenbacher. The area, VII, 
that forms the larger part 
of the wing in C, corre- 
sponds to the small portion 
at the base of the wing 
in B. The most re- 
markable feature of the 


is very simple, but nevertheless the 






■"B 


K a 




Pio, 22S.— Wings of Tomitos • A« luc\fuffus / 

By HodcUrmu brunneicomis / 0, Cuiotervus 
(AfUr Redtenbacher : B and C 
diagrammatic.) HI, V, VII, homologous areas 
and nemres according to RedtenbMher. 1, 
Costal ; 2, subcostal ; 3, median ; 4. submedian 
neiTures aoconling to Hagem 


wing is, however, its division into two parts by a suture or line 
of weakness near the base, as shown in Fig. 225. The wings 
are used only for a single flight, and are then shed by detach- 
ment at this suture ; the small basal portion of each of the four 
wings is homy and remains attached to the Insect, serving as 
a protection to the dorsal surface of the thorax. 

The nature of the suture that enables the Termites to cast 
their wings with such ease after swarming is not yet understood. 
There are no true transverse veinlete or nervules in Termites. 
Bedtenbacher suggests ‘ that the transverse division of the wing 
at Its base, as shown in Fig. 225, along which the separation of 
the wing occurs at its falling off, may have arisen from a coales- 
cence of the subcostal vein with the eighth concave vein of such 
a wing as that of Blattidae. The same authority also informs us 
that the only point of resemblance between the wings of Termi- 
tidae and those of Psocidae is that both have an unusually small 

The information that exists as to the internal anatomy of 

* Atm, Siiftnv*. JFitn, t 1888 , p. 188 . 
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Termites is imperfect, and refers, moreover, to different species ; 
it would appear that considerable diversity exists in many 
respects, but on this point it would be premature to generalise. 
What we know as to the respiratory system is chiefly due to 
F. Muller.^ The number of spiracles is ten ; Hagen says three 
thoracic and seven abdominal, MUller two tlioracic and eight 
abdominaL In fertile queens there usually exist only six 
abdominal stigmata. There is good reason for supposing that 
the respiratory system undergoes m\ich change correlative with 
the development of the individual ; it has been suggested that 
the supply of tracheae to the sexual organs is deficient where 
there is arrest of development of the latter. 

The alimentary canal is only of moderate length. Salivary 
glands exist, as also do salivary reservoirs ; these latter are large, 

in some species remarkably so. The 
oesophagus is slender, but abruptly 
enlarged behind to form a large crop; 
a proventriculus is apparently eitlier 
l)resent or absent ; the chylific ventricle, 
or stomach, is slender and simple. The 
Malpighian tubules are very long; their 
number is probably from four to eight 
in the adult, and in the earlier stages 
less. Behind the tul>es the alimentary 
canal forms a large paunch, and after 
this there is a small intestine and 
rectum. The paunch is a peculiar 
structure, and probably of great import- 
ance in the economy of Termitea 

These creatures emit minute quanti- 

F,o. 229.-H»<i «.d .llm.nt.ry ‘‘ea of a secretion that is corrosive, and 
canal of Tenrut Uieifvgut can act on metal and even glass ; its 

"“tnre and source are not understood. 
<i, crop ; e, stomach ; intes- Hagen describes peculiar structures in 

the rectum to which he is inclined* 
tube* ; k, extremity of body, ascribe the origin of this substance. 



(After Dufour.) 


but this is very uncertain. 


The brain is small ; the infra-oesophageal ganglion is placed 

* Jeiut, ZeiiseJir. JiaXurw. ix. 1875, p. 257. 
a Uidie, in Naturt, xxvL 1882, p. 549. * Linnaea EnUmologiea, xil 1858, p. 30 . 
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immediately «nder the supra-oesophageal ; there are three thoracic 
and six abdominal ganglia. The nervous system apparently 
<liffers but little in the various forms, or in the different stages 
of life, except tl»at in the fertile females the abdominal ganglia 
become so much enlarged that they even exceed the brain in size. 

The testes are unusually simple ; each consists of eight capsules 
opening into the vas deferens; the two vasa converge and are 
continued as a short ejaculatory duct ; at the point of convergence 
there is a pair of curled vesiculae seminales. 

The ovarian system is also simple ; there is a variable number 
of elongate egg-tubes, each of which opens separately into the 
oviduct ; the two ducts unite to form a short uterus, on which 
there is placed first a spermatheca, and near the extremity a 
convolute tubular sebific gland The number of egg-tubes is 
subject to extraordinary variation, according to the species, and 
according to the age of the fertilised individual. 


Social Life. — Termites live in communities that consist 
sometimes of enormous numbers of individuak The adult fonus 
found in a community are (1) workers; (2) soldiers; (3) winged 
males and females; (4) some of these winged forms that have 
lost their wings. Some species have no worker caste. The 
individuals of the third category are only present for a 
few days and then leave the nest in swarms. In addition 
to the adult individuals there are also present various 
forms of young. Tlie individuals that have lost their wings 
are usually limited to a single pair, king and queen; 

ere may be more than one king and queen, but this is not 
iwual. The king and queen may be recognised by the stumps 
of their wings which e.xist in the form of smaU triaugulJ^ 
pieces folded on the back of the thorax (Fig. 235). The con- 
tinuance of the community is effected entirely by the royal pair- 

LtTr T “k which ic th«™ 

™ • n •'“PP'-s to them. Usually the pair 

re physically incapable of leaving the nest. especiaUy the queen 

and frequently they are enclosed in a cell which ttey innot W 

muX^TTh® "g“”‘"«‘‘on that arises in the. com- 

Termites keep certain 
odvaneement that they can rapidly 
he deve oped into royalties should occasion tequire it ThZ 
^^erve individuals are called eomplementa; Ty ; IZ 
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they become royalties they are usually immature as regards 
the condition of the anterior parts of the body, and are then 
called by Grassi and others neoteinic, as is more fully explained 
on p. 380. 

Swarms. — As a result of the Termite economy large 
numbers of superfluous individuals are frequently produced ; 
these, in the winged state, leave the community, forming swarms 
which are sometimes of enormous extent, and are eagerly preyed 
on by a variety of animals including even man. Hagen has 
given particulars ^ of a swarm of T. Jlavipes in Massachusetts, 
where the Insects formed a dark cloud ; they were accompanied 
by no less than fifteen species of birds, some of which so gorged 
themselves that they could not close their beaks. 

There is but little metamorphosis in Termitidae. Young 
Termites are very soft ; they have a thin skin, a dispropor- 
tionately large head, and are of a peculiar white colour as if 
filled with milk. This condition of milkiness they retain, not- 
withstanding the changes of form that may occur during their 
growth, until they are adult. The wings first appear in the 
form of prolongations of the meso- and meta-nota, which increase 
in size, the increment probably taking place at the moults. The 
number of joints of the antennae increases during the develop- 
ment ; it is effected by growth of the third joint and subsequent 
division thereof ; hence the joints immediately beyond the 
second are younger than the others, and are usually shorter and 
altogether more imperfect. The life-histories of Termites have 
been by no means completely followed j a fact we can well under- 
stand when we recollect that these creatures live in commimities 
concealed from observation, and that an isolated individual cannot 
thrive ; besides this the growth is, for Insects, unusually slow. 

Natural Hiatory.^The progress of knowledge as to Ter- 
mites has shown that profound differences exist in the economy 
of different species, so that no fair general idea of their lives can 
be gathered from one species. We will therefore briefly sketch 
the economy, so far as it has been ascertained, in three species, 
viz. Ccdotermes fiavicoUis, Tervus lueifugu$, and T beUicosuA 

Calotemus JlavicoUU inhabits the neighbourhood of the 
Mediterranean Sea; it is a representative of a large ® 

species in which the peculiarities of Termite life are exhibited 

^ Bo$icn Soc^ XX. 1876, Pr 118» 
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in a comparatively simple manner. There is no special caste of 
workers, consequently such work as is done is carried on by the 
other members of the community, vis. soldiers, and the young 
and adolescent. The habits of this species have recently been 
studied in detail in Sicily by Grass! and Sandias.^ The Insects 
dwell in the branches and stems of decaying or even dead trees, 
where they nourish themselves on those parts of the wood in 
which the process of decay is not far advanced ; they live in the 
interior of the stems, so that frequently no sign of them can be 
seen outside, even though they may 

be heard at work by applying the \. y % >• V / 

ear to a branch. They form no 

special habitation, the interior of ?"l r jCM. 

the branch being sxifficient protec- y 1 m 

tion, but they excavate or increase ^ 

the natural cavities to suit their ^ ^ 

purposes. It is said that they j 

line the galleries with proctodaeal V— / BRIM 

cement; this is doubtful, but they 
form barricades and partitions ^ 
where necessary, by cementing 

together the proctodaeal products ® 

witn matter from the salivary /oricottw.* a, nymph with 

glands or regurgitated from the wins-i»d*; B, 

anterior parts of the alimentaiy diridueL (Alter QvaaL) 
canab The numbers of a com- 
munity only increase slowly and remain always small ; rarely do 
they reach 1000, and usually remain very much below thia The 
J^g and queen move about, and their family increases but slowly. 
After fifteen months of then- union they may be surrounded by 
fifteen or twenty young ; in another twelve months the number 
may have increased to fifty, and by the time it has reached some 
five or upwards the increase ceases. This is due to the 

^ that the fertiUty of the queen is at first progressive, hut 

^ produces at 

the time of maximum produetion four to six eggs a day. When 

« «naU-d«ring its first two yfLs-the Jn^ 
mdiwduals that depart from it are about eight or ten annua!^ 
but the numbers of the swarm augment with the inorease of the 

* AUi A«e, Own. vi uid viL 1893 uid 1894. 
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population. The growth of the individuals is slow ; it appears 
that more than a year elapses between the hatching of the egg 
and the development of the winged Insect. The soldier may 
complete its development in less than a year ; the duration of its 
life is not known ; that of the kings and queens must be four or 
five years, probably more. After the winged Insects leave the 
colony they associate themselves in pairs, each of which should, 
if all goes well, start a new colony. 

The economy of Termes Ixtcifugus, the only European Termite 
besides Calotermes Jlavicollis, has been studied by several 
observers, the most important of whom are Lesp^s' and Grassi 
and Sandias. This species is much more advanced in social life 
than Calotermes is, and possesses both workers and soldiers 
(Fig. 231, 2, 3); the individuals are much smaller than those of 
Calotermes. Burrows are made in wood of various kinds, furni- 
ture being sometimes attacked. Besides making excavations 
this species builds galleries, so that it can move from one object 
to another without being exposed ; it being a rule — subject to 
certain exceptions — that Termites will not expose themselves 
in the outer air. This is probably due not only to the 
necessity for protection against enemies, but also to the fact 
that they cannot bear a dry atmosphere ; if exposed to a drying 
air they speedily succumb. Occasionally specimens may be seen 
at large ; Grassi considers these to be merely explorera Owing 
to the extent of the colonies it is difificxUt to estimate with 
accuracy the number of individuals composing a community, but 
it is doubtless a great many thousanda Grassi finds the economy 
of this species in Sicily to be different from anything that has 
been recorded as occurring in other species ; there is never a true 
royal pair. He says that during a period of six yeara he hw 
examined thousanda of nests without ever finding such a pair. 
In place thereof there are a considerable number of complementary 
queens — that is, females that have not gone through the fuU 
development to perfect Insects, but have been arrested in various 
stages of development In Fig. 231, Noa 4 and 6 show two of 
these abnormal royalties ; No. 4 is comparatively juvenile m 
form, while No. 5 is an individual that has been substituted in 
an orphaned nest, and is nearer to the natural condition of perfect 
development. We have no information as to whether any develop- 

> Ann. Sci. A’at. Zool. (4) v. 1858. p 227. 
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ment goes on in these individuals after the state of royalty is 
assumed, or whether the differences between these neoteinic queens 
are due to the state of development they may happen to be in 
when adopted as royalties. Kings are not usually present in 
these Sicilian nests ; twice only has Grass! found a king, but 



Iveifugm, 1, Young Ijura ; 2 , «dult worker • 


he thi^ that had he been able to search in the months of 
Augimt and September he would then have found kinirs. It 
would appear therefore that the complementary kings die*^or are 

£ n't fertilised the females Parthenogenesis 

>8 not thought to occur, as Grassi haa found the spermathe^ of 
the complementary queens to contain spermatozoa. 
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The period of development apparently occupies from eighteen 
to twenty-three montha At intervals swarms of a great number 
of winged individuals leave the nest, and are usually promptly 
eaten up by various animals. After swarming, the wings are 
thrown off, and sometimes two specimens or three may be seen 
running off together ; this has been supposed to be preliminary 
to pairing, but Grass! says this is not the case, but that the 
object is to obtain their favourite food, as we shall mention 
subsequently. 

Although these are the usual habits of Termes lucifugus at 
present in Sicily, it must not be concluded that they are invari- 
able ; we have in fact evidence to the contrary. Grass! has 
himself been able to procure in confinement a colony — or rather 
the commencement of one — accompanied by a true royal pair j 
while Perris has recorded ^ that in the Landes he frequently 
found a royal pair of T. ItLcifugua under chips ; they were 
accompanied in nearly every case by a few eggs. And Professor 
Perez has recently placed a winged pair of this species in a box 
with some wood, with the result that after some months a young 
colony has been founded. It appears probable therefore that 
this species at times establishes new colonies by means of royal 
pairs derived from winged individuals, but after their establish- 
ment maintains such colonies as long as possible by means of 
complementary queena It is far from improbable that distinc- 
tions as to the use of true and complementary royalties may be 
to some extent due to climatie conditiona In some localities 
T. lucifugtts has multiplied to such an extent as to be very 
injurious, while in others where it is found it has never been 
known to do so. 

The Termitidae of Africa are the most remarkable that have 
yet been discovered, and it is probably on that continent that the 
results of the Termitid economy have reached their climax. Our 
knowledge of the Termites of tropical Africa is chiefly due to 
Smeathman, who has described the habits of several species, 
among them T. hellicostts. It is more than a century since 
Smeathman travelled in Africa and read an account of the 
Termites to the Eoyal Society.* His information was the first 
of any importance about Termitidae that was given to the 
world j it is, as may be well understood, deficient in many 

> Ann. Soc. tnt. France (6), vl. 1876, p. 201. • Phil. Trans. l«i. 1781. pp. 139-192. 




Tio, 232,— Royal cell of Tenrus UUif/>sus, partially hrokon of>ch lo show the <]ueen anrl Ikt alttn^lanh. (After Smralhiimri ) B Antenna 
of Ihe queen ; b, b, hnc of cDlrancea to the cell ; A, A, an entrance, in Ibi^ line, eloscil ly the Termites, x ^ ' 
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details, but is nevertheless of great value. Though his state- 
ments have been doubted they are truthful, and have been 
confirmed by Savage.* T. hellicostis forms buildings compar- 
able to human dwellings; some of them being twenty feet in 
height and of great solidity. In some parts of West Africa 
these nests were, in Smeathman’s time, so numerous that they 
had the appearance of villages. Each nest was the centre of 
a community of countless numbers of individuals ; subter- 
ranean passages extended from them in various directions. The 
variety of forms in one of these communities has not been well 
ascertained, bub it would seem that the division of labour is 
carried to a great extent. The soldiers are fifteen times the size 
of the workers. The community is dependent on one royal 
couple. It is the opinion of the natives that if that couple perish 
so also does the community ; and if this be correct we may 
conclude that this species has not a perfect S)’3tem of replacing 
royal couples. The queen attains an almost incredible size 
and fertility. Smeathman noticed the great and gradual growth 
of the abdomen, and says it enlarges “ to such an enormous size 
that an old queen will have it increased so as to be fifteen 
hundred or two thousand times the bulk of the rest of her body, 
and twenty or thirty thousand times the bulk of a labourer, as 
I have found by carefully weighing and computing the different 
states.” He also describes the rate at which the eggs are pro- 
duced, saying that there is a constant peristaltic movement * of 
the abdomen, “ so that one part or other alternately is rising 
and sinking in perpetual succession, and the matrix seems never 
at rest, but is always protruding eggs to the amount (as I 
have frequently counted in old queens) of sixty in a minute, or 
eighty thousand and upward in one day of twenty-four hours.” 

This observer, after giving an account of the great swarms of 
perfect winged Insects that are produced by this species, and after 
describing the avidity with which they are devoured by the 
Hymenopterous ants and other creatures, adds : “ I have discoursed 
with several gentlemen upon the taste of the white ants ; and on 
comparing notes we have always agreed that they are most 

> Ann. NaL Hid. (2) r.-T860, p. 92. 

* Dr. O. D. HaviUnd informs the writer that he thinks it probable thb so-called 
peristaltic movement is merely the result of alarm ; he has not, however, had any 
opportonity of obserring 7* htllieo9\%^. 
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delicious and delicate eating. One gentleman compared them to 
sugared marrow, another to sugared cream and a paste of sweet 
almonds.” 

From the preceding brief sketch of some Termitidae we may 
gather the chief points of importance in which they differ from 
other Insects, viz. (1) the existence in the community of in- 
dividuals — workers and soldiers — which do not resemble their 
parents; (2) the limitation of the reproductive power to a single 
pair, or to a small number of individuals in each community, and 
the prolongation of the terminal period of life. There are other 
social Insects besides Termitidae : indeed, the majority of social 
Insects — ants, bees, and wasps — belong to the Order Hyraen- 
optera, and it is interesting to note that analogous phenomena 
occur in them, but nevertheless with such great differences that 
the social life of Termites must be considered as totally distinct 
from that of the true ants and other social Hymenoptera. 

Development. — Social Insects are very different to others not 
only in the fact of their living in society, but in respect of 
peciUiarities in the mode of reproduction, and in the variety of 
habits displayed by members of a community. The greatest 
confusion has arisen in reference to Termitidae in consequence 
of the phenomena of their lives having been assumed to be 
similar to those of Hymenoptera; but the two cases are veiy 
^fferent, Hymenoptera passing the early parts of their lives as 
helpless maggots, and then undergoing a sudden metamorphosis to 
a totally changed condition of structure, intelligence, and instinct. 
The development of what we may look on as the normal form 

of Termitidae — that is, the winged Insects male and female is 

on the whole similar to that we have sketched in Orthoptera ; the 
development in earwigs being perhaps the most similar. The 
individuals of Termitidae are, however, in the majority of cases 
not m all, l»m without eyes; the wing-rudiments develop 
froni the thoracic terga as shorter or longer lobes according to 
the degree of maturity ; as in the earwigs the number of joints 
in the antennae increases as development advancea All the younc 
are, when hatched, alike, the differences of calste appearing in the 

subsequent development; the most important of 
these differences are those that result in the production of two 
sp^l classes—only met with in social Insects—viz. worker 
and soldier. Of these the workers are individuab whose develop- 
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merit is arrested, the sexual organs not going on to their full 
development, while other organs, such as the eyes, also remain 
undeveloped ; the alimentary canal and its adjuncts occupy nearly 
the whole of the abdominal cavity. The adult worker greatly 
resembles — except in size — the young. Grassi considers that the 
worker is not a case of simple arrest of development, but that 
some deviation accompanies the arrest. 

The soldier also suffers an arrest of development in certain 
respects similar to the worker ; but the soldier differs in the im- 
portant fact that the arrest of the development of certain parts 
is correlative with an extraordinary development of the head, 
which ultimately differs greatly from those of either the worker 
or of the sexual males and females. 

Soldier. — All the parts of the head of the soldier imdergo a 

greater or less change of form ; even 
the pieces at its base, which connect 
it by means of the cervical sclerites 
with the prothorax, are altered- The 
parts that undergo the greatest modi- 
fication are the mandibles (Fig. 233, 
B) ; these become much enlarged in size 
and so much changed in form that in 
a great many species no resemblance 
to the original shape of these organs 
can be traced. It is a curious fact that 
the specific characters are betterexpressed 
in these superinduced modifications than 
they are in any other part of the 
organisation (except, perhaps, the wings). 
The soldiers are not alike in any two 
species of Termitidae so far as we 
know, and it seems impossible to ascribe 
the differences that exist between the 
soldiers of different species of Termitidae 

^*°'biM^oTSrent^aduit indi- to Special adaption for the work they 
viduais of Termft sp. from perform. Such a suggestion 18 

I'Tf'Sierto O justifiable only in the caae of the Naanti 

male ; D, of winged female. 234 ^ 1), where the front of the head 

is prolonged into a point: a duct opens at the extremity of 
this point! from which is exuded a fluid that serves as a cement for 
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constructing the nest, and is perhaps also used to disable enemies. 
Hence the prolongation and form of the head of these Hasuti may 
be fairly described as adaptation to useful ends. As regards the 
great variety exhibited by other soldiers — and their variety is 
much greater than it is in the Nasuti — it seems at present im- 
possible to treat it as being cases of special adaptations for useful 
purposes. On the whole it would be more correct to say 



7. HcdoUnJ ^rickluXt)) 

^at the soldiers are very dissimilar in spite of their havW to 
^rform simdar work, than to state that they are dissimilaf in 
conformity with the different tasks they carry on. 

to soldier is a phenomenon to which it is difficult 

find a parallel among Insects. The soldier in the true ants 
13 us^Uy not definitely distinguished from the worker buT it fo 

»uy one species of Termite are apparently ex- 
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tremely similar to one another, and there are no intermediates 
between them and the other forms, except in the stages of 
differentiation. But we must recollect that but little is yet 
known of the full history of any Termite community, and it is 
possible that soldiers which in the stage of differentiation promise 
to be unsiitisfactory may be killed and eaten, — indeed there is some 
evidence to this effect. There is too in certain cases some difference 
— larger or smaller size being the most important — between the 
soldiers of one species, which may possibly be due to the different 
^ stage of development at which their differentiation commenced. 

It would at present appear that, notwithstanding the remark- 
able difference in structure of the soldiers and workers of the 
wliite ants, there is not a corresponding difference of instinct. 
It is true that soldiers do more of certain things than workers 
do, and less of otheis, but tliis appears to be due solely to theii* 
possession of such very different structures; and we are repeatedly 
informed by Grass! that all the individuals in a community take 
part, so far as they are able, in any w’ork that is going on, and 
we find also in the works of other writers accounts of soldiers 
performing acts that one would not have expected from them. 
The soldiers are not such effective combatants as the workers are. 
Dudley and Beaumont indeed describe the soldiers as merely look- 
ing on while the workers fight.^ So that we are entitled to con- 
clude that the actions of the soldiers, in so far as they differ from 
those of tlie rest of the community, do so becaxise of the different 
organisation and structures of these individuals. We shall, when 
speaking of food, point out that the condition of the soldier in 
relation to food and hunger is probably different from that of 
the other forms. 

Various Forms of a Community. — The soldiers and workers 
are not the only anomalous forms found in Termitid communi- 
ties ; indeed on e.xamining a large nest a variety of forms may 
be found that is almost bewildering. Tables have been drawn 
up by Grassi and others showing that as many as fifteen kinds 
3nay be found, and most of them may imder certain circumstances 
coexist. Such tables do not represent the results of actual 
examination in any one case, and they by no means ade- 
quately represent the number that, according to the most recent 
observations of Grassi. may be present ; but we give one taken 
> Tt. JV. York Ac. viii. 1889, pp. 85.114 ; and ix. 1890, pp. 157-180. 
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from Grassi, as it conveys some idea of the numerous forms that 
exist in certain communities. In this table the arrangement, 
according to A, B, C, D, E, represents successive stages of the 
development : — 


A 

B 


Foniu of Tema Iwi/ugus. (After Graasi.) Zool. Ans. xii. 1889, i>. 360. 

1. Toung. un<lJffer«fitUt^ lArv*&e. 

I 


2. L*rvAe thfttwin 
not mature theaexual 
organa. 


S. Larvae that will 
mature Uie sexual 
organe. 


5i larvae of 
aoMien. 


0 . I4n*ae of 
workera. 


IL 


Nympiitofthe 
Arat form. 


4. R«aer\*ee for ro}‘ml spec i mesa; 
(only present when 14, island 11 
are wanting, or when 14 and IS are 
preaent in iusufflcient numbm). 


10. Nymphs of 
the second form. 


1 ) 7. Soldiers. 8, Workera. 


li. wloged 
Insecta. 

14. Tnie royal 
coupifi. 


K 


I 


IS. Re^rre 
royal pairs? 


IS. 8ii1»duition 
royal paira. 


11. Reserves for 
royal pain (only 
present when 14, 
IS, and 4 are want* 
ing, or when the 
two latter are 
present In insuffl* 

dent nxunbereX 


On mating this table it will be perceived that the variety of 
forms IS due to three circumstancea— ( 1 ) the existence of castes 
that are not present m ordinary Insects; (2) the coexistence of 
young, of adolescents, and of adults ; and (3) the habit the Termites 

r intermediate stages, the 

^ult of which may be the substitution of neoteinic indivilials in 
place of winged forms. 

***“» completely understood, 
tat to It are probably due the varioue abnormal forma, such as 

rotaero with rudiments of wings, that have from time to time 
much “ ** «>-n.unitiea, and have given rise to 

uecSirwht V'"*- “> «>e 

n^ity when examining Termite nests, of taking cognisance 
f ^ ^ ““ species may be present*^ Bates 

- sr i: tr 

Peeies. There are, however, true inquiline, or guest. Termites, 
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of the genus Sutermes, found in various parts of the world living 
in the nests of other Termitidae. 


Origin of the Forms. — The interest attaching to the various 
forms that exist in Termites, more particularly to the worker and 
soldier, is evident when we recollect that these never, so far as 
we know, produce young. In the social Hymenoptera it has 
been ascertained that the so-called neuters (which in these 
Insects are always females) can, and occasionally do, produce 
young, but in the case of the Termites it has never been sug- 
gested that the sexual organs of the workers and soldiers, whether 
male or female, ever become fruitful ; moreover, the phenomena 
of the production of young by the white ants are of such a nature 
as to render it in the highest degree improbable that either 
workers or soldiers ever take any direct part in it. Now the 
soldier is extremely different from the sexual individuals that 
produce the young, and seeing that its peculiarities are not, in 
the ordinary sense of the word, hereditary, it must be of great 
interest to ascertain how they arise. 

Before stating the little information we possess on this sub- 
ject, it is necessary to reiterate what we have already said to the 
effect that the soldiers and workers are not special to either sex, 
and that all the young are born alike. It would be very natural 
to interpret the phenomena by supposing the workers to be 
females arrested in their development — as is the case in social 
Hymenoptera — and by supposing the soldiers to be males with 
arrested and diverted development. 

The observations already made show that this is not the case. 
It has been thoroughly well ascertained by Lesp^s and Fritz Muller 
that in various species of Calotermes the soldiers are both males 
and females. Lespes and Grassi have shown that the workers of 
Termes lucifxcgus are of male and female sex, and that this is 
also true of the soldiers. Although the view of •the duality of 
the sexes of these forms was received at first with incredulity, it 
appears to be beyond doubt correct. Grassi adds that in all the 
individuals of the workers and soldiers of 2’ermes Iwifugtis the 
sexual organs, either male or female, are present, and that they 
are in the same stage of development whatever the age of the 
individual. This statement of Grassi's is of importance because 
it seems to render improbable the view that the difference of form 
of the soldier and worker arises from the arrest of the develop- 
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ment of their sexual organs at different periods. The fact that 
sex has nothing whatever to do with the determination of the 
form of workers and soldiers may be considered to be well 
established. 

The statement that the young are all bom alike is much 
more difficult to substantiate. Bates said that the various forms 
could be detected in the new-born. His statement was made, 
however, merely from inspection of the nests of species about 
which nothing was previously known, and as it is then very 
difficult to decide that a specimen is newly hatched, it is probable 
that all he meant was that the distinction of workers, soldiers, 
and sexual forms existed in very small individuals — a statement 
that is no doubt correct. Other observers agree that the young 
are in appearance all alike when hatched, and Grassi reiterates his 
statement to this effect. Hence it would appear that the differ- 
ence of form we are discussing arises from some treatment subse- 
quent to hatching. It may be suggested, notwithstanding the 
fact that the young are apparently alike when hatched, that they 
are not really so, but that there are recondite differences which are 
in the course of development rendered conspicuous. This con- 
clusion cannot at present be said with certainty to be out of the 
question, but it is rendered highly improbable by the fact 
ascertained by Grassi that a specimen that is already far advanced 
on the road to being an ordinary winged individual can be diverted 
from its evident destination and made into a soldier, the wings 
that were partially developed in such a case being afterwards 
more or less completely absorbed. This, as well as other facts 
observed by Grassi, render it probable that the young are truly, 
as well as apparently, bom in a state undifferentiated except as 
regards sex. Fig. 230 (p. 363) is designed to illustrate Grassi’s 
view as to this modification ; the individual A is already far 
advanced in the direction of the winged form C, but can never- 
theless be diverted by the Termites to form the adult soldier B. 

According to the facts we have stated, neither heredity nor 
MX nor arrest of development are the causes of the distinctions 
between worker and soldier, though some arrest of development is 
common to both ; we are therefore obliged to attribute the dis- 
tinction between them to other influences. Grassi has no 
notation in attributing the anatomical distinctions that arise 
between the soldiers, workers, and winged forms to alimentation. 
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Food, or the mode of feeding, or both combined, are, according 
to the Italian naturalist, the source of all the distinctions, 
except those of sex, that we see in the forms of any one species 
of Termite. 

Feeding. — Such knowledge as we possess of the food-habits 
of Termitidae is chiefly due to Grasai; it is of the very greatest 
importance, as giving a clue to much that was previously obscure 
in the Natural History of these extraordinary creatures. 

In the abodes of the Termites, notwithstanding the enormous 
numbers of individuals, cleanliness prevails ; the mode by which 
it is attained appears to be that of eating all refuse matter. 
Hence the alimentary canal in Termitidae contains material of 
various conditions of nutritiveness. These Insects eat their cast 
skins and the dead bodies of individuals of the community ; even 
the material that has passed through the alimentary canal is 
eaten again, until, as we may presume, it has no further nutritive 
power. The matter is then used for the construction of their 
habitations or galleries, or is carried to some unfrequented part 
of the nest, or is voided by the workers outside of the nests ; 
the pellets of frass, i.e. alimentary rejectamenta, formed by 
the workers frequently betraying their presence in buildings 
when none of the Insects themselves are to be seen. The 
aliments of Calotermes Jlavicollis are stated by Grassi and 
Sandias to be as follows: (1) wood; (2) material passed 
from the posterior part of the alimentary canal or regurgi- 
tated from the anterior part ; (3) the matter shed during 
the moults; (4) the bodies of other individuals; (5) the 
secretion of their own salivary glands or that of their fellows ; 
(6) water. Of these the favourite food is the matter passed 
from the posterior part of the alimentary canal We will speak of 
this as proctodaeal food. When a Calotermes wishes food it strokes 
the posterior part of another individual with the antennae and 
palpi, and the creature thus solicited yields, if it can, some 
proctodaeal food, which is then devoured. Yielding the proctodaeal 
food is apparently a reflex action, as it can be induced by friction 
and slight pressure of the abdomen with a small brush. The 
material yielded by the anterior part of the alimentary canal may 
be called stomodaeal product. It makes its appearance in the 
mouth in the form of a microscopic globule that goes on in- 
creasing in size till about one millimetre in diameter, when it is 
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either used for building or as food for another individual. The 
mode of eating the ecdysial products has also been described by 
Grassi and Sandias. "Wben an individual is sick or disabled it 
is frequently eaten alive. It would appear that the soldiers are 
great agents in this latter event, and it should be noticed that 
owing to their great heads and mandibles they can obtain food by 
other means only with difficulty. Since they are scarcely able to 
gnaw wood, or to obtain the proctodaeal and stomodaeal foods, 
their condition may be considered to be that of permanent 
hunger, only to be allayed by carnivorous proceedinga When 
thrown into a condition of excitement the soldiers sometimes 
exhibit a sort of Calotermiticidal mania, destroying with a few 
strokes five or six of their fellows. It is. however, only proper to 
say that these strokes are made at random, the creature having 
no eyes. The carnivorous propensities of Calotermes are ap- 
parently limited to cannibalism, as they slaughter other white 
ants (TVrines lucifitgv^) but never eat them. 


The salivary food is white and of alkaline nature; when 
excreted it makes its appearance on the upper lip. It is used 
either by other individuals or by the specimen that produced 
It; in the latter case it is transferred to the lower lip and 
swallowed by several visible efforts of deglutition. The aliments 
we have mentioned are made use of to a greater or less extent by 
all the mdividuals except the very young ; these are nourished 
only by saliva: they commence taking proctodaeal and stomo- 
daeal food before they can eat triturated wood. 

Boyal Pairs, The restriction of the reproductive powers of 
a immunity to a single pair (or to a very restricted number of 
mdmduals) occurs in aU the forms of social Insects, and in 
all of them it is concomitant with a prolongation of the repro- 
cluctive penod for exceeding what is natural in Insects. We are 
not m a portion at present to say to what extent the lives of the 
fertUe females of Ternutidae are prolonged, there being great diffi- 
culties m the way of observing these Insects for long periods owing 
to their m^e of life ; living, as they do, concealed from view, lieht 
and disturUnce appear to be prejudicial to them. We have every 
rewn to believe, however, that the prolongation extends as a 

Ih^ T" it is much greater than that of 

the other individuals of the community, although the lives of 

even these latter are longer than is usual in Insects; but this 
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point is not yet satisfactorily ascertained. As regards the males 
there is reason to think that considerable variety as to longevity 
prevails. But the belief is that the royal males of Termitidae also 
form an exception to other Insects in the prolongation of the 
terminal periods of their lives. In Hymenoptera, male in- 
dividuals are profusely produced, but their lives are short, and 
their sole duty is the continuation of the species by a single 

act We have seen that 


rj 








Grassi is of opinion that 
a similar condition of 
affairs exists at present 
^ with Tfrmes Ivcifugvs in 

[ - ' ^ Sicily, but with this ex- 

ception it has always been 
t considered that the life 

r of the king Termite is, 

t \ j 'Nly roughly speaking, con- 
f jjt temporaneous with that 

of the queen ; it is said 
t W '"n that in certain species the 

^ ^ kiog increases in biilk, 

4| B though not to an extent 

^ y that can be at all cdm- 

pared with the queen. 

It must be admitted 
that the duration of life 
* * ^ of the king has not been 

f™. 235.-Bo,.i p- sp. ftom Sing.- sufficiently estabtoheifor 

pore, taken out of roynl cell. A, A King, the COexiStence Ot a iong 
lateral and dorsal views ; B, B. queen, dorsal and ^ Queen in the 

lateral views. Natural sizes, ^ ^ 

royal cell is not incon- 
sistent with the life of the king being short, and with his replace- 
ment by another. Much that is imaginary exists in the litera- 
ture respecting Termites, and it is possible that the life of the 
king may prove to be not so prolonged as has been assumed. 

Itetuming to the subject of the limitation of the reproduction 
of the community to a single pair, we may remark that a prion 
one would suppose such a limitation to be excessively imfavour- 
able to the continuation of the species ; and as it nevertheless is 
the fact that this feature is almost, if not quite, without exception 
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in Insect societies, we may conclude that it is for some reason 
absolutely essential to Insect social life. It is true that there 
are in Termitidae certain partial exceptions, and these are so 
interesting that we may briefly note them. When a royal cell is 
opened it usually contains but a single female and male, and 
when a community in which royal ceils are not \ised is inspected 
it is usually found that here also there are present only a single 
fertile female and a single king. Occasionally, however, it 
happens that numerous females are present, and it has been 
noticed that in such cases they are not fully matured females, but 
are imperfect, the condition of the wings and the form of the 
anterior parts of the body being that of adolescent, not adult 
Insects. It will be recollected that the activity of a community 
of Termites centres round the great fertility of the female ; 
without her the whole commxmity is, as Grass! graphically puts 
it, orphaned ; and the observations of the Italian naturalist 
make it clear that these imperfect royalties are substitution 
queens, derived from specimens that have not undergone the 
natiiral development, but have been brought into use to meet the 
calamity of orphanage of the community. The Termites appar- 
ently have the power of either checking or stimulating the reproduc- 
tive organs apart from other organs of the body, and they appear to 
keep a certain number of individuals in such a condition that in case 
of anything going wrong with the queen, the reserves may be brought 
as soon as possible into a state of reproductive activity. The in- 
dividuals that are in such a condition that they can become pseudo- 
royalties are called complementary or reserve royalties, and when 
Mtually brought into use they become substitution royalties. It 
iS not at present quite clear why the substitution royalties should bo 
m such excess of numbers as we have stated they were in the case 
Ave have figured (Fig. 236), but it may be due to the fact that when 
the power of the community is at a certain capacity for supporting 
young a smgle substitution royalty would not supply the requisite 
producing power, and consequently the community adopts a 
greater number of the substitution forms. Termites are utterly 
re^rdless of the individual Uves of the members of the community 
and when the reproductive powers of the company of substitution 
i^alties become too great, then their number is reduced by the 
ofifectiV6 nx6thod of kiUiug and eating them. 

According to Grassi’s observations, the communities of Termes 
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luci/ugits are now kept up iji Sicily 



Fig» 236.— Pair of QeoUioic royalties, tak«a 
from the royal chamber of Termed s]>. at 
Siogapore by Hr, G. D. Haviland. The 
queeo was one of thirteen, all in a nearly 
:>iroiUr state. A, king ; B, C, queen. 


almost entirely by substitution 
royalties ; the inference being 
that the age of each com- 
munity has gone beyond the 
capacity for life of any single 
royal queen. 

The substitution royal- 
ties are, as we have said, 
called neoteinic (yeo^, youth- 
ful, TetVw, to belong to), be- 
cause, though they carry on 
the functions of adult Insects, 
they retain the juvenile con- 
dition in certain respects, 
and ultimately die without 
having completed the normal 
development The pheno- 
menon is not quite peculiar 
to Insects, but occurs in 
some other animals having 
a well - marked metamor- 
phosis, notably in the Mexi- 
can AxolotL^ 


A point of great importance in connexion with the neoteinic 
royalties is that they are not obtained from the instar im- 
mediately preceding the adult state, but are made from Insects 
in an earlier stage of development. The condition immediately 
preceding the adult state is that of a nymph with long wing- 
pads ; such specimens are not made uito neoteinic royalties, but 
nymphs of an earlier stage, or even larvae, are preferred. It is 
apparently by an interference with one of these earlier stages of 
development that the “nymphs of the second form,” which have 
for long been an enigma to zoologists, are produced. 

Post-metamorphic Growth. — The increase of the fertility of 
the royal female is accompanied by remarkable phenomena of 
growth. Post-metamorphic growth is a phenomenon almost 
unknown in Insect life, except in these Termitidae; distension 
jiot infrequently occurs to a certain extent in other Insects, and 


’ Cameraiio, £ull. Soe. «t/. liaL xriL 1885, p. 89 ; and Kollmann, Ferh. Gt*. 
vii. 1883, p. 391. 
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is usually due to the growth of eggs inside the body, or to the 
repletion of other parts. But in Termitidae there exists post- 
metaraorphic growtli of an extensive and complex nature ; this 
growth does not affect the sclerites (i.e. the hard chitinous parts 
of the exo-skeleton), which remain of the size they were when the 
post-metamorphic growth commenced, and are consequently mere 
islands in the distended abdomen (Fig. 236, B, C). The growth 
is chiefly due to a great increase in number and size of the egg- 
tubes, but there is believed to be a correlative increase of various 
other parts of the abdominal as distinguished from the anterior 
regions of the body. A sketch of the distinctions existing 
between a female of a species at the time of completion 
of the metamoriihosis and at the period of TnaYimum fertility 
does not appear to have been yet made. 


New Conunanities. — The progress of knowledge in respect of 
Termitidae is bringing to light a quite unexpected diversity of 
habits and constitution. Hence it is premature to generalise on 
important matters, but we may refer to certain points that 
have been ascertained in connexion with the formation of new 
commumties. The duration of particxilar communities and the 
modes in which new ones are founded are still very obscure. 
It was formerly considered that swarming took place in 
order to increase the number of communities, and likewise for 
promoting crossing between the individuals of different com- 
munities Grassi, however, finds as the result of his prolonged 
observations on Termes Iwifugus that the swarms have no further 
resiUt than that the individuals composing them are eaten up. 
And Fritz Muller states ^ that in the case of the great majority 
of forms known to him the founding of a colony by means 
of a pair from a swarm would be just about as practicable 
as to establish a new colony of human beings by placing a 
couple of newly-born babes on an uninhabited island. It was 
also thought that pairs, after swarming. re-Qntered the nests 
and became royal couples. It does not, however, appear that 
any one is able to produce evidence of such an occurrence. The 
amount given by Smeathraan of the election of a royal couple 
ot Termes hell^coms is imperfect, as, indeed, has already been 

TOi^^fterf however, that a winged 

pair after leaving the nest do again enter it to become iSg 

* Jima. Zeitsehr. J/diuno. viL 1878 , p. 458 . 



382 


NEUROPTERA 


CHAP. 


and queen. The huge edifices of this species described by 
Smeathman are clearly the result of many years of labour, and at 
present substitution royalties are not known to occur in them, 
so that it is not improbable Smeathman may prove to be correct 
even on this point, and that in the case of some species mature 
individuals may re-enter the nest after swarming and may become 
royal couples. On the whole, however, it appears probable that 
communities of long standing are kept up by the substitution 
royalty system, and that new communities when established are 
usually founded by a pair from a swarm, which at first are not 
ill that completely helpless condition to which they come when 
they afterwards reach the state of so-called royalty. Grassi’s 
observations as to the sources of food remove in fact one of the 
difficulties that existed previously in regard to the founding of 
new colonies, for we now know that a couple may possibly bear 
with them a sufficient supply of proctodaeal and stomodaeal 
aliment to last them till workers are hatched to feed them, and 
till soldiers are developed and the community gradually assumes 
a complex condition. Professor Perez has recently obtained * the 
early sto es of a community from a winged pair after they had 
been placed in captivity, unattended by workers. Muller's 
observation, previously quoted, is no doubt correct in relation 
to the complete helplessness of royal pairs after they have 
been such for some time ; but that helplessness is itself only 
gradually acquired by the royal pair, who at first are able to 
shift for themselves, and produce a few workers without any 
assistance. 

Anomalous Forms. — Miiller has described a Calotermea imder 
the name of C. rugosiis, which is interesting on account of the 
peculiar form of the young larva, and of the changes by which 
it subsequently becomes similar in form to other species of the 
genus. We represent the development of this larva in Fig. 
237. We may call attention to the fact that this figure illus- 
trates the lai*ge size of the paunch, which is so extraordinary 
in some of the states of the Termitidae. 

It will be recollected that the genus Calotermea is destitute 
of workers. There is another genus, Anoplotermes, in which the 
reverse condition prevails, and the soldier is absent ; this is the 
only case yet known in which such a state of affairs exists. 

* CB- ^c, Paris, cxix. 1894, p. 804. 
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The species is called A. pacificus by Fritz Muller ; it differs from 
other Termitidae in possessing a proventriculus destitute of tritu- 
rating ridges. The nests of this species are utilised by a little 
Eiitermes (E. inquilinus Muller) for its own advantage ; whether 
by first destroying the Anoplotermes or whether by merely taking 
possession of the nests abandoned by their owners is not known. 
It is a most remarkable fact 
that the Eutermes resembles 
the Anoplotermes so ex- 
tremely that the two can 
scarcely be distinguished, 
though anatomically they are 
quite different. The resem- 
blance is indeed so great that 
it deceived Von Jhering into 
supposing that the two genera 
were alternate generations of a 
single species, one generation 
possessing soldiers, the other 
being without them. Subse- 
quently, by anatomical inves- 
tigation, he recognised * the c o 

error into which he had fallen 237. — Changes in external form of the 

— an error that, under such m ruuow. a. 

hatched with nine joints in an- 

peculiar circumstances, was ^nnw, x s ; B. older larva with ten 
quite pardonable. ^ ® with eleven 

TT V joints, X 8 : D, larva with twelve joints ; 

±lagen has suggested * that position of the parts of the aUment. 

Modotcrm^ japcnicus never pro- f 7 7’ 

tiuces winged forma Very ^ S*® (After Frit* HuUer.) 

however, is actuaUy known as to this species. 

Marchingr and Harvesting Termitea— Smeathmsn alluded 
to a remarkable Term^ seen by him in Africa, giving it the 
name of T. marum. Nothing further m known of thif Insect, 
which, accordmg to Smeathmau'a account, may possibly be the 

than T ielluoms, and was discovered issuing in large niunlSs 
from a hole in the ground and marching in columns consisting 
of workers directed by soldiers of enormous size, some of whom 

* Congr, inUmaL Zool. iL 1892, pt L p. 249. 

• P. Soitan Soc. xi. 1888, p. 899. 
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climbed up plants and gave audible signals to the army, which 
immediately responded with a hissing noise and by increasing 
their pace with the utmost hurry ; they continued marching by 
the spot where Smeathman observed them for upwards of an 
hour. He was not able to find their nests, and no specimens have 
been preserved ; both soldiers and workers possessed eyes. March- 
ing in this way by daylight is contrary to the nature of ordinary 
Termites, and some doubt has existed as to the correctness of 
Smeathinan’s observation, which has in fact remained for upwards 
of a century without confirmation. 

Ml’. G. D. Haviland has, however, this year discovered in 
Natal a Termite whicli shows that there are species in Africa 
of the kind described by Smeathman, the workers and soldiers 
l>eing possessed of facetted eyes. Mr. Haviland states that the 
workers of this species issue from holes in the ground during the 

heat of the day and 
cut grass both dead 
and green. They 
carry it, in lengths 
of a^ut two inches, 
to the mouths of 
the holes, often 
leaving it there and 
going at once to 
fetch more. Under 
acacia bushes they 
carry acacia leaflets 
as well as grass. In 

Pio.2!>8. — Eye(l,grass-cutUngTermite,//orfote»w< Aartfant/i, nf the 

A, soldier ; B. worker. South Africa. In life the hea.l imuiue ui 

is carrie<l horuonUUy, so the piece of gross sticks up like day more grasS aC- 

n flag-pole. cumulates at the 

entrance to the holes than can be taken in, but as the heat of 
the day diminishes the workers cease to forage and take in the 
accumulation. When the grass is all in they sometimes close 
the mouth of the hole with moistened pellets of earth brought 
in their mouths. The soldiers remain in the holes ; when dis- 
turbed they jerk themselves like soldiers of other species to 
frighten away the intruder; when they bite, their grip is very 
tenacious. The holes are about ^ of an inch in diameter, and 
there are usually several of them a few yards apart ; around each 



XVI 


TERMITIDAE 


385 


of them is a patch over which the grass has been cut quite 
short. Mr. Haviland foUowed these holes by digging for a 
dis^ce of 20 feet and to a depth of 5^ feet; they xemain 
uniform in size except that near the entrance there may 
be one or two chambers in which the grass is temporarily 
stored, but these do not hold more than would be collected 
in an hour or two. As the burrow descends it is occa- 
sionaUy jomed by another, and at the point of junction there 
IS usuaUy a considerable widening. Sometimes they run straight 
for 6 or 7 feet sometimes they curve abruptly, sometimes they are 
early horizontal, but near the mouth may be almost vertic^ in 
^tion. These Termites are very local, but the specimens are 
numereus when found. Mr. Haviland dug for the^ Insects at 
two pl^ on the Tugela river, one of them being at Colenso It 

-- --ble Jrlh thTnest 

to bj Mr. Haviland 

much ^ Umvetmty Muaeum. Thia Insect is apparently 

muA ^er th^ Smeathman’e T. viarum.- Other of 

buTno^ ‘ “ -^dargromid tunnels 

idenlS^' ’‘® ^ satisfactorily 

Sonth Africa (Kg 240> ““ 

the^JSTt^^f ‘ban in 

the case of CalouZ^’^ Sometimes, as we have mentioned in 
few barriers v structure formed ; only a 

other hoUows in wood, 

work of structures are formed, so that the 

soape. This “ "'“P^^uous feature in the land- 

of settleiS ^ut f d^appear from the neighbourhood 

of ^n^irld tW ^ creaturea In the latter part 

here exists a very remarkable one, formed by^ 

^ Kalb^ .So. Aathr. xuL 1887 , p. 70 . 
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undetermined species called by the officers and crew of her 
Majesty’s ship Penguin the “ compass ant.” The outline of one 
of the structures formed hy this Termite we represent in Fig. 239. 
Mr. J. J. Walker, to whom we are indebted for the sketch from 
which this figure is taken, has also favoured us with the following 
extract from his diary, of date 4th August 1890 : “The most in- 
teresting feature in the scenery (about forty miles inland from Port 
Darwin) was the constant succession of huge mounds raised by 
the Termites, of which I had seen some comparatively small 
examples in my rambles near Port Darwin ; but these exceeded 
in dimensions all I had ever seen. The most frequent as well as 
the largest kind was usually of a reddish or ferruginous colour 
outside, and generally almost cylindrical in shape with obtusely- 
pointed top, but nearly always more or less weather-worn, with 
great irregular buttresses and deep ruts down the sides ; many of 
them look like ruined towers in miniature. Their usual height 
was from 8 to 10 feet, but many wMe much higher, and some 
attained an (estimated) elevation of at least 20 feet. Another 
kind, seen only in one or two places along the line, was of a much 
more singular character ; they averaged only 4 to 5 feet high, 

were built of a dark-gray mud, 
and in shape were like thin flat 
wedges set upright (see Fig. 239), 
reminding one of tombstones in 
a churchyard. But the most 
remarkable feature about these 
mounds was that they had all 
the same orientation, viz. with 
the long faces of the wedge 
pointing nearly north and south. 

Fio. 239 .— TermiUriam of compass or meri- whv this is 80 I am quite at a 
dian Termite of North Australia A, .u 

face exteudiDg south and north ; B, cross- loss tO imagme, and 1 mucn re 

section. gpgj that I had no opportumty 

of closely examining these moat singular structu^ A third 
kind of mound, usually not exceeding 2 feet in height, was of a 
simple, acute, conical figure, and generally of a gray colour some- 
what paler than the last” , ,i. 

The material used for the construction of the dwellings m 

either earth, wood, or the excrement of the Termites. The hug 
edifices mentioned by Smeathman are composed of earth cemented 
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together so as to look like stone or brick, and the buildings appear 
to be almost as strong as if thej were actually constructed with 
these materials. In many cases 
the substance used is comminuted 
wood that has passed one or 
more times through the alimen- 
tary canal of the Insects, and 
may therefore be called excrement. 

Whether the stone-like material 
is made from earth that has 
passed through the alimentary 

canal or from grains gathered — Fragment of Termitarinm of 

V Termea atiffUJltUus, S. Africa, showinK 

for the purpose has not been fnngna chambers and orifices of com- 

well ascertained. In any qjkw muaication. 

the material is cemented together by means of the secretions of 
glands. Dudley and Beaumont have described the process of 
wnatruction, in a species observed by them, saying that earth 
18 brought and placed in position by the mandibles, and cemented 
by Hqxiid from the abdomen.^ Von Jhering says * that some 
species form the exterior walls of their dwellings of stone-like 
material, but make use of woody matter for the construction 
of the interior. Smeathman has described the nest of Termes 
Mli^ostu. The whole of the very strong external wall consists 
of clay-like material, cemented by the secretions of the Termites 
to a very firm consistence. The royal cell is buUt of the same 
material as the framework of the nest; whilst the nurseries 
m wluch the young are chiefly found are built of woody 

matemi, and are always covered with a kind of mould the 

® fungus— and plentifully sprinkled with smaU 
mte bodies, which, imder the microscope, are found to be filled 
with a number of oblong, spore-like 

These nurseries rest on the clay-like framework of the nest 
but ^ not at^hed thereto ; they in no way support it, or one 

appearance of being constantiy 
add^ to on their upper margins and constanUy eaten away on 

im™ j represents the appearance of the 

nurseiy taken from a nest of Termes angus- 

■appeared^^ih mentioned above, have dis- 

appeared . the myceUum of the fungus, though not shown in the 

JW JK rw* Ac. tUL 1889. p. 9;. « Cmgr. inUmat, Zool. iL 1892. p. 249. 
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figure, is still visible on the specimen from which it was drawn, 
and gives rise to a whitish, glaucous appearance. 

In various parts of the world nests formed on trees by Termites 
are to be seen ; these tree nests are, it would appear, in some cases 
only parts of a community, and are connected with the main body 
^7 galleries. In other cases nests are formed in various positions of 
advantage ; Messrs. Hubbard and Hagen have given us an account * 
of some of these — probably the work of Eutermes ripperti — as seen 
in Jamaica. They describe the nests as spherical or conical masses, 
looking externally as if composed of loamy earth ; they are placed 
on trees, fences, or walls ; they vary in size from that of a man’s 
fist to that of a hogshead ; they appear to be composed of finely 
comminuted wood fastened together by saliva. These nests are 
formed on the same principle as those of the wasps that make 
nests hanging to trees and bushes, as they consist of an external 
protecting envelope covering a comb-like mass in the interior. 
At the bottom of tlie nest there is a covered gallery leading to 
the earth, where the main nest appears to be situate ; galleries 
also are constructed so as to lead to the tops of trees and other 
places, in such a manner that the Termite can still keep up its 
peculiarity of working and travelling in tunnels and yet roam 
over a large area ; the activity of these Termites continues day 
and night. In each nest there is a queen, who lays eggs that 
are removed by the worker Termites to the bottom of the nest. 
The young are fed on a prepared food, consisting apparently of 
comminuted vegetable matter, of which considerable masses are 
laid in store. Some of the nests are rich in containing many 
pounds’ weight of this material, while others are apparently quite 
destitute of it. There is a soldier form and at least two kinds of 
workers. Some species of true ant frequently shares the nest of 
these white ants, but on what terms the two kinds of Insects live 
together is not stated. 

Termite Ravages. — In countries whose climate is favourable 
to their constitutions certain kinds of Termites become of great 
importance to our own species. Owing to their taste for woody 
matter and to their habit of working in concealment, it is no 
uncommon thing for it to be discovered that Termites have 
obtained access to a building and have practically destroyed the 
wooden materials used in its construction ; all the interior of the 

» P. Boston Soe. xix. 1878, p. 267 ; and xx. 1881, p. 121. 
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wood being eaten away and only a thin outer shell left intact. 
A Termite, T. tenuis, was introduced — in what manner is not 
certainly known^ — to the Island of St. Helena, and committed 
such extensive ravages there that Jamestown, the capital, was 
practically destroyed and new buildings had to be erected. Other 
such cases are on record. Destructive species can sometimes be 
destroyed by placing in the nests a portion of arsenicated food. 
This is eaten by some individuals, who perish in consequence ; 
and their dead bodies being consumed by their comrades, the colony 
becomes checked if not exterminated. 

The number of described species of Tennitidae does not much 
exceed 100, but this is certainly only a small portion of those 
existing, the total of which may probably reach 1000 species. 

Termitidae are classed by some naturalists with the Orthoptera, 
and they have a great deal in common with some of the cursorial 
division of that Order, more pai'ticularly Forficulidae and Blattidae; 
but they differ from Orthoptera in the nature and form of the 
wings. They are also classed by some, with a few other forms, as 
a separate Order of Pseudo-Neuroptera called Corrodentia, but this 
is not a very satisfactory course, as the Termitidae do not agree 
closely with the forms associated with them, while the aggregate 
so formed is far from being very distinct from other forms of 
Neuroptera. On the whole the best plan appears to be to treat the 
Termitidae as forming a distinct family of the Order Neuroptera, 
or to make it a distinct Order, as proposed by Grassi. Packard 
now associates Termites in an Order with the biting-lice, and 
calls it Platyptera. 

Fossil Termites, — Termitidae were very abundant in Tertiary 
times, and the genera appear to have been then much the same as 
at present. In Mesozoic strata the remains of true Termitidae 
apparently exist in the Lias in Europe, but farther back than 
this the family has not been satisfactorily traced. It was formerly 
supposed that Termitidae existed in the Carboniferous strata, but 
this appears to be very doubtful ; and the fossil remains of that 
epoch, which were presumed to be those of Termites, are now 
referred by Scudder and others to the Neuropteroid division of the 
Order Palaeodictyoptera, an Order which is formed entirely of 
Palaeozoic fossil remains. 

* According to UeUin, it is thought that the Insect may have been carried to 
the uland in a captured slave-ahip. MeUias, St. HeUna, 1876, p. 171. 
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NKUROPTERA CONTINUED FSOCIDAE (BOOK - LICE AND DKATH- 

WATCHKS) THE FIRST FAMILY OF AMPHIBIOUS NSUROFTERA 

(PEELIDAE, STONE-FUES). 


Fam. IV. Fsocidae — Book-Lice, Death-Watches. 

Idxnute Insects with slender, thread-like, or hair-like antennae; 
four delicate memirranous loings, the front fair of which are 

the larger ; their neuration is not 
abundant and is irregular, so that 
the cells are also irregularly ar- 
ranged ; the transverse nervules are 

T * 1 ▼ f ' ordy one or two in number} Pro- 

^ / ( thorax very small, in the winged 

Fio. 2i\. — PmKus cojweoled between the 

England. (After M‘ L a ch lan.) head and the large mesothoTOX ; this 

latter closely connected with, or fused 
with, the metathorax. Species quite wingless, or with wings 
unfitted for flight, exist ; in them the prothorax is not so ex- 
tremely small, while the mesothorax is smaller than in the 
winged forms. Tarsi of two or three segments. Metamorphosis 
slight, marked chiefly by the development of wings and ocelli. 



The Fsocidae are without exception small and soft-bodied Insects, 
and are only known to those who are not entomologists by the 
wingless forms that run about in uninhabited or quiet apart- 
ments, and are called dust-lice or book-lice. They are perhaps 
more similar to Termitidae than to any other Insects, but 
the two families differ much in the structure of their wings, and 
are totally dissimilar in the natoi'e of their livea 

1 In some exotio species there is a dense network on a part of the anterior wing. 
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The antennae consist of eleven 
more, about thirteen being the 
usual number ; the basal two are 
thicker than the others, and are 
destitute of setae or pubescence 
such as the others possess. The 
maxillae and labium are remark- 
able. The former possesses a 
peculiar hard pick or elongate 
rod ; this is considered by many 
naturalists to be the inner lobe, 
but Surgess thinks it more prob- 
ably an independent organ,* as it 
has no articiilation of any kind 


to twenty-five joints, or even 



Fia 242. — Tra&sTtfse horuont^ section 
of head of Paocus : /» fork or pick ; 

lingua ; ms; left m&zlUa ; c, cardo ; 
Pf stipes ; nuns muscles ; socket 
of tnsxidible. 


with the outer lobe. The latter is remarkably thick and fleshy ; 

the palpus is 5-jointedL Other 

authorities consider the pick to 

be certainly the inner lobe ; if 

it be not, the latter is quite 

wanting. Hagen agrees with 

Burgas in stating that the 

pick slides in the outer lobe as 

in a sheath. The labium has 

a large mentum and a ligula 

divid^ anteriorly into two lobes; 

at each outer angle in front 

there is a globular projection, 

which is doubtless the labial 

palpus ; reposing on the labium 

there is a la^ free lingua. 

The Ubrum is large, attached 

to a distinct clypeus, behind 

FiaS48.— A,7roQtothMdQfP«oeiMA<<en>* which there IS a remarkable 

post-clypeus, which is usually 

poat-cljpetu of Ptoau: ei, port- prominent as if inflated; to its 
elTpetts; elypeol maselM ; p, opt- f v j __i 

Qultttu I ill ATB ALutCllGCL SBYOTm 



inserted on a plate placed below 
the anterior part of the oesophagus, and called by Burgess the 

* P. Sottom Soc. six. 1878, p. 292. 
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oesophageal bone; under or within the lingua there is a pair 
of lingual glands. Judging from Grosse’s study of the mouth 
of Mallophaga, we may conclude that the oesophageal bone will 
prove to be a sclerite of the hypopharynx. The eyes of the 
winged forms are frequently remarkably convex, and there are 
also three ocelli, triangularly placed on the vertex. The head 
is free and very mobile. The coxae are rather small, exserted, 
contiguous ; the sterna smalL The abdomen has usually ten 
segments, though sometimes only nine can be detected. 

The thorax in Fsocidae usually looks as if it consisted of 
only two segments. This is due to two opposite conditions: (1) 
that in the winged forms the prothorax is reduced to a plate 
concealed in the fissure between the head and the mesothorax 
bearing the first pair of wings; (2) that in the wingless forma 
(Fig. 247), though the prothorax is distinct, the meso- and meta- 
thorax are fused into one segment. 

The .internal anatomy is only very incompletely known. 
Nitzsch ^ has, however, described the alimentary canal and the 
reproductive organs of ClothUla pvlsatoria. The former is 

F:o. 244. — Beprodnc- 
iitt organs of 
thiUa pidMteria* 
A, Male ; a, vesi* 
culaeseminales ; b, 
tesUs ; vasa de* 
ferentia; d, ejacU' 
latory duct B« 
Fem^e ; b, egg* 
tubes; oviduct; 
d, utemsi contain* 
itig egg ; fy acces* 
scry gland (theen* 
velopingsac in sec* 
tion) ; /y its duct 
(After MiUscb.) 



remarkably simple : no proventriculus or crop was found ; the 
stomach is very elongate, and consists of a sac-like anterior 
portion and an elongate, tubular posterior part. There are four 
Malpighian tubes. The posterior part of the canal is remark- 
ably short, the small intestine being scarcely as long as the 
rectum. The ovaries (Fig. 244, B) consist of five egg-tubes on 
each side ; connected with the oviduct there is a . peculiar acces- 
sory gland consisting of a sac containing other small sacs each 


^ GermAr^ Mag, JsJniomol. 1831, p. 276, pL it. 
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with an elongate efferent duct; the number of the secondary 
sacs varies from one to four according to the individual The 
testis (Fig. 244, A, b) is a simple capsule ; connected with the 
base of the ejaculatory duct there is a pair of elongate accessory 
glands or vesiculae seminales. 

The life-history has never been satisfactorily sketched. The 
young greatly resemble the old, but have no ocelli or wings, and 
sometimes the tarsi are of two joints, while in the adult they 
have three. The antennae have also in these cases a less number 
of joints in the young stage. The food is animal or vegetable 
refuse substances ; many live on fungoid matter of various kinds, 
mouldy chaff being, it is said, a favourite pabulum ; the mould 
on Idlings is a source of food to many ; others live on the rust- 
fungi of leaves, and many frequent the bark of trees. They are 
able to spin webs, probably by the aid of the lingual glands ; 
the eggs are deposited, in some cases, on leaves and covered with 

a web. Hagen says that a peculiar organ, possibly a gland he 

ca^ it a hose * — exists at the base of the tarsal clawa In our 
climate most of the species pass the winter in the egg-state. 
There may be two generations in a year, perhaps more. 

The nomenclature of the ^g-veins of Psocidae has given 
rise to much discussion,* The 

system shown in the accom- 

panying figure is probably the 
most convenient ; the subcos- 
tal vein (2) is always obscure, 
and sometimes can only be 
detected by very minute ex- 
amination. Some interesting 
information as to the minute 
structure and mode of forma- 
tion of the wings and their nervures has been given by Hagen.® 

In the young the wings firat appear as buds, or outgrowths 
ot the sides of the meso- and meta-thorax ; afterwards the pro- 
thorax decreases, while the other two thoracic segments and 
the wmg-rudiments attached to them increase. The wings 
irom their very origin appear to be different from those of the 
rthoptera, and the changes that take place in the thoracic 

AyeAe, iU. issi, p. ■ Kolbo, aU. Zeit, xli. 1880, p. 179. 

’ Qp. eg. p. 209, etc. 



Fxo. 245. — Anterior wing of jaip$ocvt brtvi- 
slyltu. (After Reatcr.) 1, CosUl .vem- 
2, cabcostal ; 8, ndinl ; 4, cubitus { 4a. 
branches of cubitus; 6, sector of the radius : 
6a, forks thereof. 
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segments in the course of the development, differ from those 
that occur in Orthoptera. 

There are several peculiarities connected with the wings. 

Frequently they exist, 

though of no use for 

flight ; some Fsocidae that 

have perfectly - formed 

wings are so reluctant to 

use them that, M'Lachlan 

says, they will allow them- 

Pio. 246. — Micropterons foim of Meaopaocus uni- selves to be crushed with- 

0 , 0 , Wing,. (AH., 

flight. At certain periods, however, some Psocidae float on 
the wing in considerable numbers, especially in a moist still 
atmosphere, and then drift about like the winged Aphididae, 
which are frequently found with them. There is evidence 
that individuals, or generations, of some of the winged species 
occur with only rudimentary wings ; although this has been 
denied by Kolbe, there can be no doubt about it. The form 
figured above (Fig. 246) was described by Bertkau* as a dis- 
tinct genus, but was afterwards recognised by him* to be a 
short-winged form of Mesopsociis unipunctatus. It is probable 
that the adult female of this species has the wings always 
micropterous, while the male has these organs of the full size. 
In other species the condition of the rudimentary wings seems to 
be quite constant. The facts concerning the wings of Psocidae 
are so peculiar that Kolbe came to the conclusion that the 
organs exist not because they are of use for flight, so much as 
becaOse it is the nature of an Insect to develop wings.® 

Some of the species of Psocidae have never any trace of ™gs. 
These apterous forms are mostly included in the division 
Atropinae, and are usually very minute ; it has been a^n ^ 
again erroneously stated that they are the young state of wn^ 
forms. Hagen kept a large colony of Atropos divtnaioTui tor 
some years in confinement, so that he saw numerous generations 
as well as many specimena He found the apterous condition 

quite constant. 

* Arch. /. Naturg. xUx. i. 1083, p. 99. 

* Verh. Ver. Bheinland, xxxix. 1882, Corr.-bl. p. 128. 

» Berlin «nt. Zeit. xxriii. 1804, p. 36. 
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The association of ocelli with wings is nearly constant in 
Psocidae. The genus Clothilla — allied to Atropos — possesses 
veiy nidimentazy wings but no ocellL Hagen, however, found * 
that in a certain locality no less than 1 2 per cent of the indi- 
viduals of this species were provided with ocelli, — a most extra- 
ordinary variation. 

In some of these apterous forms there is found on each side 
of the prothorai a tubercular prominence which, according to 
Hagen, can be considered only as the rudiment of a wing that 
never develops. Though no existing Insect is known to possess 
rudimentary wings on the prothorax, we have previously men- 
tioned (p. 344) that in the Carboniferous epoch appendages of 
the nature alluded to were not very rare. 

A genus of living forms — Hyperttti — in which the three 
thoracic segments are well developed, but in which there are no 
alM appendages or rudiments, is considered by Hagen to be more 
primitive than the Psocidae found in amber to which we shall 
subsequently allude. 

The number of described species of Psocidae does not reach 
two hundred; we have, however, thirty species or more in 
Britain.* Nietner observed about the same number in the 
immediate vicinity of his house in Ceylon. The isolated and 
r^ote Hawaiian group of islands is remarkably rich in Psocidae. 
Two thousand is a moderate estimate of the number of existing 
species. The largest forms yet discovered belong to the Brazilian 
graus Tkyr^hanu; they attain, however, a breadth of only 
about one inch with the wings fully expanded. The Cuban 
genus Evibidopsocus is said to be of great interest from its 
^proximation to Embiidae. It is at present very inadequately 

One (or more) very minute Insects of this family — Clothilla 
pvloaUyria according to Hagen, Atropos * divinatoria according to 
TOme other authors — is widely known under the name of the 
death-watch, owing to its being believed to make a pecuUar 

\ pp. 299, 806. 

* T? SnL Mmih. Mag. Ul. 1867, p. 177. 

Clotho. the two fetes Atropos end 

wme yean ego to complete the trio by eatebliehing e 

* mboonoeption. As the 

Atee is likeW “i rtnoxu brenohes of soology, the deriied einlo of Psocid 

**• w uK«iy to remem elwsye iuoomplete. 
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ticking noise, supposed to be prophetic of the decease of some 



individual — a human being we fancy, 
not a death-watch- It is difficult 
to believe that so minute and soft an 
Insect can produce a sound audible to 
human ears, and many entomologists are 
of opinion that the sound in question 
is really produced by a beetle — of the 
geuus Anohium — which lives in wood, 
and that as the beetle may» be concealed 
in a bole, while the Clothilla is seen 
running about, the sound is naturally, 
though erroneously, attributed to the 


Fio. 247. — A« Airopos divina- 
(aria; B, Clothilla yulsatcria, 
(After M*LachUiu) 


latter. But the rapping of the Ano- 
hium is well known, is produced while 
the Insect is at large, and is said to be 


a different noise from tliat of the Psocid j evidence too has been 


given as to the production of the sound in a workbox when the 
Psocid was certainly present, and the most careful search failed 
to reveal any beetle. 


The Rev. W. Derham, who two hundred years ago was Rector 
of Upminster, in Essex, and was well known as a distinguished 
writer and philosopher, gave an account of the ticking of death- 
watches to the Ro}’al Society.* This gentleman was a mcwt 
accurate and minute observer ; he was well acquainted \vith the 
ticking of the greater death-watch — Anohium — which he 
describes very accurately, as w’ell as the acts accompanying it, 
the details he mentions being exactly such as occur at the present 
time. He not only heard the ticking of the Psocid or lesser 
death-watch, but repeatedly witnessed it He says : " I am now 
so used to, and skilful in the matter as to be able to see, and 
show them, beating almost when I please, by having a paper 
with some of them in it conveniently placed and imitating their 
pulsation, which they will readily answer.” He also states that 
he could only hear them beating when it was done on paper, and 
that this death-watch will tick for some hours together without 
intermi.ssion, with intervals between each beat, so that it much 
resembles the ticking of a watch. The act of ticking was accom- 


» Phil. Trans, xxii. 1701, pp. 832-834 j and xxiv. 1704, pp. 1686-1694, Plata 291, 
Figs. 4, 5 (pp. 1565 to 1604 occur twice in this volume). 
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wAich of Upmii&ster. 
(After Derh&m.) A^mag* 
fied ; ^ oatuiml size. 


panied by rapping the front of the head on the paper, but Mr. 
Derham could not be sure that the sound 
was produced in that manner, ^>ecau8e each 
stroke was also accompanied by a peculiar 
shudder, or recoil After a prolonged tick- 
ing he observed that another individual of 
the other sex made its appearance. The 
species figured by Mr. Derham more 
resembles a Hypereta than it does either 

^ our two known book-Uce. Atropos and f,o. I»»rn„ih. 

Clothilla. 

Numerous species of Psocidae are pre- 
served in amber ; Hagen ^ has made a 
careful study, based on a considerable number of specimens, 
of about thirteen such species. They belong to no leas than 
nine genera and five sub - families. Sphatropsocxis is the most 
remarkable ; this Insect has a well - developed prothorax, as 

is the case in the wingless 
Psocids, and a pair of large 
wings or tegmina meeting 
by a straight suture along 
the back, as is usual in 
beetles, though quite un- 
known in existing Psocidae. 
Another species, Amphiento- 
mum paradoxum, has tho 
body and appendages covered 
ivith scales like a butterfly 
or moth ; other species, found 
in gum-copal or still liv- 
ing, have scales on various 
parts of the body, but not to so great an extent as this amber 
species. The genus AmpMentomum is still represented in Ceylon 
and elsewhere by living forms ; Packard has figured some of the 
s^es ; they appear to bo extremely similar to those of Lepi- 
Thysanura. The facto connected with this fauna of 
amber Psocidae would seem to show that the family was formerly 
more extensive and important than it is at present ; we should 
erefore expect to find numerous fossil forms in strata of date 

* Zeit. xlilL p. 255 . ' . p. ^ ^ 



Fjo. 249 . — Sjihaeropsoctu kuiwoii. From 
amber, x 80. (After Hagen.) 
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anterior to that of the amber ; but this is not the case, all that 
is known as to fossil Psocidae being that Scudder has recently 
ascribed traces of an Insect found in the Tertiary rocks of Utah 
to this family as a distinct genus. 


Fam. V. Perlidae. 

Insects of moderate or large site, furnished with four membranous 
wings ; these are usually complexly reticulate ; the hind pair 
are much the larger, and have a large anal area of more 
simple venation, which becomes plicate when folded. The 
coxae are small, the legs toidely separated. The larvae are 
aquatic in habits; the metamorphosis is dight. 



The Perlidae form a small family of Insects unattractive in their 
general appearance. The life-history of each individual consists 
of two abruptly contrasted portions j the earlier stage being 
entirely aquatic, the later aeriaL Hence the Perlidae come into 
the amphibious division of Neuroptera. The definition we have 
given above would, except as regards the texture of the front 
wings and the aquatic habits of the larvae, apply to many 
Insects of the Order Orthoptera. The Phryganeidae, another 
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family of Neiiroptera, have aquatic larvae and wings somewhat 
similar in form to those of the Perlidae, but the members of the two 
families cannot be confounded, as the Phryganeidae have hairy 
front wings and large and contiguous coxae. 

The antennae of the Perlidae are long, very flexible, and com- 
posed of a very large number of joints. The parts of the mouth 
vaiy a good deal The mandibles and maxillae are usually rather 
small, and all the parts of the mouth are of feeble consistence or 
even membranous; the maxillary palpi are, however, well developed 
and exserted from the mouth, five-jointed. The labium is short 
and but little conspicuous. The mandibles in some forms are 
almost membranous, but in other genera they are firmer and are 
toothed. The labium is composed of a very large mentum, beyond 
which is a large.piece, usually imdivided, bearing the four terminal 
lobes ; the three-jointed palpus is seated on the aide of the large 
imddle sclerite, which is no doubt of composite nature. Con- 
siderable variety as to the lower lip prevails. The head is broad 
and flat ; there is an indistinctly -indicated clypeus, three— 
more rarely two— ocelli, and on each aide an eye neither very 
large nor perfect The prothorax is free, and has a flat, 
margined notum. The meso- and the meta-thorax are large, 
equal s^ments. The pro-, meso-, and meta-stemum are large 
pi»»8 ; between the first and second, and between the second 
wd third there is an intervening membrane. The metastemum 
18 much prolonged backwards, and has on each side a peculiar 
^t; similar orifices exist on the other sterna (Tig; 254, o). 
Newport, who has examined them in Pteroiuireys, says that they 
are blind invaginations of the integument ; he calls them the 
stem^ or furcal orificea' According to this naturalist these very 
pwuliM openings pass into the body " as strong bone-like tubes, 
^verging from the axis to the periphery of the body in the 
^cinity of some of the principal tracheae, but that 
they do not in any way communicate with them, as they terminate 
abruptly as caecal structures.” He thinks them analogous with 
•A of other Insects ; a view which cannot be con- 

sufficiently established. Laboulb^ne states* that when 
parisina is seized and placed on its back, it does not move 
but emits a liquid at the base of the articulation of the legs! 

' Tr. Lbuu Soc. xx. 1851, p, 433» 

fiunci ( 4 ), viii 18M, p, xxxriL 
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Fw. 201.— Per/a maxima^ 
(After Pictet) 


This suggests that it may come from these sternal orifices. The 

abdomen consists of ten dorsal plates, the 
first being short, and of nine ventral ; 
the dorsal plates are much more ample 
transversely than the ventral Frequently 
the hind body is terminated by two long, 
many-jointed cerci, looking like antennae. 
The coxae are small, not prominent, and 
are directed outwards. The legs are 
slender, the tibiae often grooved. The 
tarsi are three-jointed, terminating in two 
claws and a more or less distinct pad. 
In the genus Isoptert/x an auditory organ 
has been described as existing in the legs, 
in a position similar to that of the analo- 
gous structures 
in Termitidae 
and Blattidae. 

The wings when closed repose flat on the 
back, and fold and overlap so that only 
one is seen (Fig. 251); in this state 
the costal portion of each front wing is 
turned do svn wards, so as to protect to 
some extent, the sides of the body. 

The early stages are known, but have 
not been described minutely, and there 
appears to be very little information as 
to the yoimgest life. All the species 
are, when immature, aquatic in their 
habits ; the larvae greatly resemble the 
perfect Insects in form, though differing 
in not possessing wings and in the 
ocelli being merely opaque spaces. 

They have rather large compound eyes ; 
the future wings are represented by 
lobe - like prolongations — varying in 
length according to age — of the meso- 
and meta-notum. In the Nemourae the 

cerci are absent in the imago though o-„ivnrous 

present in the young. The larvae of Perhdae are carmvorous 



Fio. 252. — Pcrla sp., oymph, 
sliowLDg tracheal giUa* P>*re* 
nits orientales. 
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and are able to swim well, the legs being pro\'ided with abundant 
swimming hairs ; they, however, as a rule, prefer to walk at the 
bottom of the pooL or on rocks or boulders in the water they 
live in. 

One of the most peculiar features of the Perlidae is their 
respiratory system. Unfortunately the greatest differences of 
opinion have prevailed on various matters in connexion with this 
subject, and there are several points about which it is not possible 
at present to express a decided opinion. 

The larvae have no stigmata ; it appears to be generally 
agreed that there is in them no means 
of admitting air to the tracheal ^steni 
by means of orifices. Some breathe 
entirely through the integument, the pro- 
cess being aided by the aocumrilation of 
tracheae at the spots where the breath- 
ing orifices should be, and where the 
integument is more delicate. Others, 
however, possess gills in the form of pro- 
truded bunches of filaments, connected 
with trac h eae in the Tni>.nn<>r shown in 
Fig. 263. These filamentous branchiae 
occur in numerous species of the family, portlonofatracheaofp^cro- 
and are situate on various parts of the «<«»«• (After Newport.) 

body, but many species are destitute of them in genera, other mem- 
bers of which possess the filaments. In some Ifemourae instead 
of bunches of filaments there are tubular projections on the pro- 
thoracic s^ment; and in IHctyopieryx signata Himilftr structures 
occur even in the cephalic region, Hagen stating * that there exists 
** on the snbmentum and another on the membrane between 
t e head and the thorax. In the imago state, stigmata are present 
m t e normal feshion, there being two thoracic and six abdominal 
In several species the filaments persist in the imago, so that 
in these cases we meet with the curious condition of the coexistence 
0 brwchiae with a well-developed and functionally active system 
0 spiracles ; this is the more curious because the creatures usually 

^ water, it having been ascer- 

ed that in tiiese cases the species live out of the water as other 
*®^*®strial and aerial Insects do. These ina ta uces of persistence 

* Zoti. Ata. iiL 1880, p. 804. 

2 D 
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of branchiae during the aerial life have been the source of some 

perplexity ; the condition was shown to exist 
in Pteronarcys by Newport, and has since 
been demonstrated in various other forms. 
Newport believed that the imago of Ptero- 
narcys breathes by means of the gills, 
although it lives out of the water and 
possesses spiracles ; and he informs us that 
Mr. Barnston observed the Insect when on 
the wing ^ constantly dipping on the surface 
of the water.” Hence Newport concluded 
that Pteronarcys in the winged state is “an 
amphibious animal” That a winged Insect 
should live in the air and yet breathe by 
means of gills would be truly extraordinary, 
and there can be little doubt that Newport's 
idea was erroneous. Hagen ^ was able to 
Fio. 254. — Under side of examine living images of the species in ques- 

tion. He found that they avoided the 
Newport) f, Tra- ^ater, and though he placed some indi- 
orifices. viduals therein, yet they did not use the 

gills. He also informs us that the branchiae 
have, during life, a shrivelled appearance, indicating that they 
are not functionally active, but are merely useless organs carried 
over to the imago from the previous instar, in which they were 
truly the means of obtaining air. Hagen also asoe^ined that 
the spiracles of the imago are in a normal state, being adapted 
for breathing, even as far back as the seventh abdommal 



segment. , , .. 

Great difference of opinion has prevaUed as to the relations 

of the branchiae to the stigmata, it having been contended that 
the falling off of some of the branchiae left the stigmatic 
The facts appear to be only consistent with the conclusion ^at 
the two are totally independent organs. This subject has been 
investigated by PaWn,* who finds that in Perlids^— contra^ 
to what occurs in may-flies— the species are either entirely 
destitute of gills, or these organs are pe^tent throi^ho 
life. It is not to be inferred from this that the giHs m the 


* SUUin. tnL Zeit. xxxtUL 1877, p. <87. 

* Morfhologie dt* TracJuentydtmt, HeWngfora, 1877, p. 21- 
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perennibranchiate Ferlidae ore as conspicuoiis as they are in 
the exceptional Pteronarcys : for it appears that at the final 


moult the gills usually become very 
much contracted and concealed by the 
new integument ; in some cases they 
merely appear as slight prominences 
in the neighbourhood of the stigmata. 

Pictet, Dufour, Newport, and Imhof * 
have studied the internal anatomy. The 
alimentary canal is remarkable for the 
enormous oesoph^us ; there is no dis- 
tinction between this and the crop. A 
proventriculus is quite absent, and there 
are no chitinous folds in the position it 
usually occupies. The true stomach is 
small, and only commences in the fourth 
abdominal segment. It has a prolonged 
lobe on each side in front, and in 
addition to this eight sacs ; thus there 
are formed ten diverticula, fastened to 
the posterior part of the oesophagus by 
ligaments. The terminal portion of the 
stomach is small, and apparently only 
distinguished from the short intestine 
by the point of insertion of the Mal- 



pighian tubes J these vary in number — Alimentary canal and 

tom about twenty to sixty. There are 

two pftilB of IfttgO salivary In UppcrlipjmAjb^iccAlcaTity; 

Pteronarcy, the caecal diverticula of the 

stomach are wanting. In some Perlidae ' •• «aiivary glands ; 

the terminal parts of the gut are more antario/ 

complex than in Perla 'nxaxima ; New- 

port figures both an ilium and colon r, ; Si 

very strongly difierentiated, and states 

that theM parts differ much in Perla and Pteronarcys, Accord- 
ing to him the stomach is embraced by a network of tracheae, 
and inhof tells us that he found the stomach to contain only air! 

The brain is small, but, according to Imhof, consists of four 
amalgamated divisions ; the infra-oesophageal gangUon is 

* £«itr. Ana4. ftrla moctma. Inaug.-BiH. Aaiao, 1S81. 
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and placed very near the brain. There are three thoracic and 



six abdominal ganglia on the 
ventral chain. The nerves 
to the wings are connected 
with the longitudinal com- 
missures of the ventral chain 
by peculiar, obliquely-placed, 
short commissures. The repro- 
ductive glands are peculiar, 
inasmuch as in each sex 
the pair of principal glands 
is connected together in the 
middle. The testes thus form 
an arch consisting of a large 
number of sub-spherical or 
pear - shaped follicles ; the 
vasa deferentia are short in 
Perla maxima, and there are 


no. 256._Th« pair of^tad oparies of Perla yesiculae seminales ; the 
puunma: o, egg*tubes ; aVf o?iduct j r, re- ^ ^ j 

cdptacnlam seminis coDceating the oriflcd of GJftCulstor^ duct is dlVld6d 
the duct and an «x:es»ory gland. constnc- 

tiona In Pttronarcyi and in Perla hicavdata, according to 
Newport and Dufour, the vasa deferentia are very long and 
tortuous, and there are elongate vesiculae 
seminales. The arrangement of the ex- 
tremely numerous egg-tubes is analogous to 
that of the follicles of the testes, so that, as 
Dufour says, there is but a single ovary ; 
connected with the short, impaired porticm of 
the oviduct, there is a large receptaculum 
seminis, and near the terminal orifice of 
the duct there is in P. maxima an eight- 
lobed accessory gland. 

The eggs are produced by Perlidae in 
enormous numbers : they are rather small, 
but peculiar in form, and possess at one 
extremity a micropyle apparatus, covered 
by a glassy substance through which Imhof 
could find ho orifice. On the other hand, the chorion on another 

part of the egg is perforated by several canals. 



Pia 267.— Egg 

9 , 10 ^ 9010 . (ARtrlmh^O 
chorioa ; oolenm ; 
ffs, glttf -like coTering of 
micropyle apparetoe i 
ca^ty tmder eame; 
ea&ale ponetrating 
ehorioiu 
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The Ferlidae being of aquatic habits in their early stages, 
and, notwithstanding their ample wings, very poor adepts in the 
art of flying, are rarely found at any considerable distance from 
their native element. They are specially fond of running water, 
and delight in the neighbourhood of waterfalls, or other spots 
where the current is broken by obstacles so that a foaming water 
results. It is probable that the larvae which breathe by 
of gills find an advantage in living in strongly-aerated water. 
Mountain streams and torrents are therefore specially affected by 
them ; but Pictet informs us that they do not like the waters 
descending from glaciers. The food of the larvae is believed to 
be chiefly young may-flies, or other small, soft creatures, and it 
may possibly be owing to the absence of these that the Perlidae 
do not affect the glacier streams. Although Perlidae are remark- 
able for thhir capacity for enduring cold, it is possible that they 
require warmth of the water at some period of their 
^velopment, and this the glacier-streams cannot offer to them, 
^ey are among the earliest Insects to appear in the spring in 
Europe. Mr. Bamston says that on the Albany river in Canada 
the nymph of Capnia vemalis comes up frequently in the cracks 
of the ice and casts its skin there; “it frequenUy comes up 
when the thermometer stands at freezing.” Of Nemowra glacudw, 
which inhabits similar localities, he says that " it appears in the 
^uig (end of March or beginning of April) when the ice 
beeves honeycombed, and even before then, at the same time 
M C7qpaia vtmalit. It pairs in the crevices of decaying ice. 
ihe m^e has long antennae, and his wings are generally rumpled 

P i-j together.” Newport entertained the idea that thoee 
ralid'>A that live at low temperatures are of lower organisation 
than the other forma of the family. 

It is a remarkable fact that several Perlidae frequently 
iViwiottra glacudU— -the wings of the male much 
twiuo^ in size; this being the contrary of the rule that 
J^y piOTails among Insects to the effect that, when there is a 
in the powers of flight, or even in the size of the wines. 

“ superior. Mr. J. J. lister met with a very 

bwinning of 

nubxuJa, the winge of the female 

8, B) are reduced to a size much leas than those of ordinary 
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Perlidae, while those of the male (Fig. 258, A) are mere useless 
rudiments. Morton has pointed out that in Scotland more 
than one species of Teuniopteryx occasionally produces micro- 
pterous males, and he associates this phenomenon with the early 

time of their appearance 
“ almost in winter.” ^ In 
Jfemoura tri/aseiata this 
reduction of the wings 
takes another but equally 
curious form ; the hind 
wings of the male being 
long enough to cover the 
body, while the anterior 
pair are reduced to mere 
rudiments. 

The phenomena of mi- 

Fio. 258.-~Tsoffenus nubtevia. Loch Tanna. A, cropteilsm in Perlidae are 

Male ; A', wings of male more magnified ; B, ^^11 WOrthv of more de- 

wings of female. ^ j • x- 

tailed investigation. Mr. 

Morton informs the writer that the male of Ferla maxima (Fig. 

251) in North Britain has the wings so short that they cannot 

be of any use as organs of flight In Central Europe the wings ore 

ample, as shown in our figure. In Perla cephalotes the male is 

short-winged in both Britain and Central Europe ; of the male of 

Dictyopteryx microcephala only the micropterous form is known to 

exist. In Jsogemis nvhecula (Fig. 258) it appears that the 

wings of the female are always more ample than those of the 

male of the same locality, and that local micropterism affects 

the two sexes unequally. Within the Arctic circle this Insect 

is usually of the Scotch form, though the male there occasionally 

has more ample wings. 

It has been observed that in some Perlidae the eggs, after 
they have been extruded, are carried about by the female ; for 
what reason is not at all known. They are said to be enclosed 
in a membranous capsule at the apex of the abdomen. The 
number of eggs deposited is sometimes very large, amounting to 
five or six thousand, and they are often of very minute size. 

About twenty-four species of Perlidae occur in Britain.* The 

* Entom. Month, Mag. xxiz. 1803, p. 249. „ rj 

* No Batiafactory systematio work of a general character on British Perlidae 
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species from all parts of the world existing in collections probably 
scarcely exceed two hundred. The insignificance of this number 
is no doubt chiefly due to the fact that these unattractive Insects 
are rarely captured by collectors, and are so fragile that unless 
good care is taken of them, specimens soon go to destruction 
after being dried. Perlidae are known to occur in most parts 
of the world, so that the number of species really existing may 
reach two or three thousand. They are known to anglers as 
stone-flies and creepers and are a favourite bait for trout. 

The family in its character comes near to the Orthoptera, 
especially to the more simple forms of Phasmidae, but the two 
groups difler in the texture of the 
front wings and in the structure 
of the mouth-parts, as well as in 
the different proportions of the 
mesothorax and metathorax. Ac- 
cording to Pictet, in the Australian 
genus Euithtnia the trophi (Fig. 

259) approach nearer to those of 
the Orthoptera, so that it appears 
possible that a more intimate con- 
nexion will be found to exist as more ^ OKft A %• 
fomw are discovered. Of the groups °'of 
we include in Neuroptera, Perlidae 

w in structure most allied to Sialidae, but the development in 
the two groups exhibits very important distinctions. Brauer 
treats the Perlidae as forming a distinct Order called Plecop- 

ra, a name applied to the family by Burmeister many years 

ago. 

Several species of Perlidae, considered to belong to p.Tist.ing 
^nera, have been found in amber. A fossil from the Eocene 
deposits in the Isle of Wight and another from the Miocene of 
Continental Europe are referred to the family. Brauer has 
^ntly d^bed ' some fossils from the Jurassic formation in 
-tSast Siberm as forming three genera, now extinct, of Perlidae. 

Brongniart informs us * that several fossils have been found 



V ***• d»onpbon» and notM wiU be found in the 

» heoroptere pnbliahed by Entom. Soo. London, 1870. 

^ Ac. fAenb. (7) xxxri. No. 16. 1889. 

etc., p. 407, 1898. 
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in the Carboniferous strata of Commentry that jxistify us in 
asserting that allies of Ferlidae then existed, fie consid^ these 
Carboniferous Insects to have belonged to a separate family, 
Protoperlides. The fragments are, however, so small that we 
must await further information before forming a definite opinion 
as to these Protoperlides. 



CHAPTER XVIII 

AUFHIBlOtTS NETJSOPTEBA COirTIifUSI>—ODOVA.TA, DRAGON-FLIB3 

/am. VL Odonata — Dragon-flies. 

(LIBELLITLIDAB of sous AtTTHOES) 

Elongate Insects vrith very mobile head and large eyes, mith small 
and inconspicuous antennae ending in a bristle ; with four 
dongaie -wings suh~egual in size and similar in texture, of 
papyraceous consistency and having many veinlets, so that 
there exists a large nuniber of small cells. .All the legs placed 
more anteriorly than the wings. The earlier stages of the 
life are aquatic ; there is great change in the appearance of 
the individual at the final ecdysis, but there U no pupal 
instar. 

Thb dragon-flies form a very natnrai and distinct group ^ of 
Insects. All the species are recognised with ease as belonging 
to' the family. They are invariably provided with wings in the 
perfect state, and many of them are amongst the most active of 
Insects. Their anatomy is, in several respects, very remarkable. 

The head is large and is concave behind ; it is attached^ to 
the thorax in such a way- that it rotates on two cervical sclerites 
that project forwards, and in some cases almost meet in a point 
in front ; heiice it possesses extreme mobility, the power of 
rotation being very great 

The eyes are always large i in some cases they ate even enor- 
nious, and occupj^ the larger part of the area of the' head: the 
upper facets of the eye are in many cases larger than 'the 
lower, and in a few forms the line of division is sharply marked 
transversely. There ' are three ocelli, which, when the sise of 
the' compound eyes is not too great, are placed in the usual 
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manner as a triangle on the vertex ; but in the forms where 
the compound eyes are very large the portion of the head 
between is, as it were, puffed out so as to form a projection just 
in front of where the eyes meet, and one ocellus is then placed 
on each side of this projection, an antenna being inserted quite 
close to it ; the third ocellus is placed in front of the projection 



Fio. 260.— yinoar/onmwu#, BritaiD. (After Migneaox.) (Tbe lege »re not in a 

natuTAl poaitioue) 


we have mentioned, hj which it is often much concealed , this 
anterior ocellus is in some cases of unusually large size, and oval 

or transverse in form. . 

The parts of the mouth are very peculiar, especiaUy the 

lower Up : we will briefly aUude to its characters m the highly 
modified forms, premising that in the smaller and ess^ ac ive 
species it is less remarkable. The LibeUuUdae are carmvorous, 
their prey being Uving Insects which are captured by the gon 
fly on the wing ; it is beUeved that the mouth is largely instru- 
mental in the capture, though the flight of these Insects is w 
excessively rapid that it is difficult, if not impossible, to venly 
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the action of the mouthpieces hj actual observation. For the 
pxirpose of securing the prey a mouth that can change its 
capacity to a considerable extent and with rapidity is a desider- 
atum, and these qualities are present in the mouths of those 
Libellulidae that capture their prey while hawking. The upper lip 
is very mobile, is pendent, and closes the mouth above, while the 
lower lip entirely closes the under part by means of two mobile 
plates ; these in some forms (JLihdlvla') meet together in the 
mesial line, while in others a third plate separates them in the 
middle (Fig. 2 6 1 , B, lx). These plates are, according to Gerstaecker’s 
view,* portions of the much changed labial palpi, the part that 
separates them in Aeschna being the Inner lobes of the labial max- 
illae ) in Jjibellula, where the dilated and valve-like joints of the 


Fio. 261.— A. MftxUU 
of LxbeUxda quad* 
ritnaeuiaCa ; Bi la- 
bium of Aisehna 
ffrandis. p, p\ 
Palpus ; a> t«T- 
miual apma of 
palpus ; Cf cardo ; 
^stipes ; a^squama ; 
ICy oai«r lobe of 
maxilla, partly 
coTered by, li!, 
inner lobe ; 
mentum ; r, inter- 
vening lobe* (After 
Gentaecker*) 

palpi meet in the middle line, the labial lobes remain small and are 
overlapped hy the dilated portions of the palpL The maxillae 
proper (Fig. 261, A) are less peculiar, their chief character being 
that the inner and outer lobes are not separated, and that the palpus 
is of only one joint Some entomologists take, however, another 
view of this structure, looking on the palp-like outer part (p of 
our figure) as the true outer lobe of the maxillae, the palpus 
proper, being in that case considered to be entirely absent. The 
mandibles are very powerful, and armed with largely developed 
teeth. In the interior of the mouth there is a large, free, 8emi> 
membranous lingua, the posterior part of its delicate inferior 
l amin a being cozmected with the mentum ; the upper lamina ©f 
the lingua is stronger and is pilose. The antennae of the dragon- 
flies are always small, and consist of two stouter joints at the 

' FetUehrift Ot*, naiwf. Freunds Berlin, 1878 ^ 
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base, and a terminal part which is very slender and pointed, and 
formed of four or five joints. 

The prothorax is always small ; the pronotum is Hin tinct , 
though in some forms it is quite concealed in the concavity of 
the back of the head ; the sternum is small ; the anatomy of the 
pleura and basal pieces of the legs is obscure. 

The meso- and meta-thorax are very intimately combined, 
and their relations are such that the former is placed much 

above the latter. This 
peculiarity is carried to its 
greatest extent in some of 
the Agrioninae (Fig. 262, 
A), where not only are 
the wings placed at a 
considerable distance be- 
hind the three pairs of 
legs, but also the front 
pair of wings is placed 
almost directly above the 
hind pair. In the Anisop- 
terides these peculiarities 
are much less marked 
(Fig. 262, B), nevertheless 
even in them the three 
paiiB of legs are placed 
quite in front of the winga 
This peculiar structure of 
the wing-bearing segments 

Pio. 262. — A, Agrion j>u{cA«22vbi, oatonl sin ; B, is accompanied by an 
Atachna cyanta, pro61« ; C, ssme from front to development of 

show position of legs. I nstnnl sin. , , v i. • 

’ the pleura, which, mdeed, 

actually form the larger part, if not nearly the whole, of the 
front region of the dorsal aspect of these two segments. We 
shall not enter into more minute particulars as to the struc- 
ture of the thorax, for difference of opinion prevails as to the 
interpretation of the parts.* The abdomen is remarkable for 
its elongation ; it is never broad, and in some genera — Mec%sto~ 
gfoster, t.g . — it attains a length and slenderness which are not 

* RsfereDcs m*y bs msd® to CslTert's recsnt paper introdactoiy to the study of 
Odoneta, in Tr. Amtr. erU. Soc. xx. 1898, pp. 169-161. 
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reached by any other Insects. It consists of ten s^wents and 
a pair of terminal calliper-like or flap-like processes of very 
▼arious sizes and forms. 

The wings of the dragon-flies are usually transparent and 
provided with a multitude of small meshes. The hind wings 
are about as large as the front pair, or even a little larger ; the 
main nervures have a sub-parallel course, and are placed in 
greater part on the anterior region of each wing. The relations 
of the more constant nervures and the cells of which they are 
parts form a complex subject, and are amongst the most im- 
portant of the characters used in classifying these Insecta The 
wings are always elongate in comparison to their breadth and 
have no folds ; they are held partially extended, or are placed 
so M to project backwards, or backwards and outwards. They 
exhibit pother peculiarity, inasmuch as the front or costal 
n^gin is slightly uneven before or near the middle, giving 
rise to an appearance such as might result from the breaking 
and rabsequent mending of the marginal rib at the spot in 
question, wUch is called the nodus. In some forms a peculiar 
character exists in the shape of a small opaque q>ace called the 
membranule, lying close to the body of the Insect in the anal 
area of the wing, as shown in Fig. 260. 

The 1^ are slender and are chiefly remarkable for the 
beautiful series of hair-like spines with which they are armed, 
and which in some forms (e.g. PlatycnemU, Fig. 264) are of 
considerable length. We beUeve that the legs are of great 
mpo^ce in capturing the prey, they being held somewhat 
m t^ potion shown in Fig 262, C. The tarsi are three- 
join Jjx the male of Z^bellago ealigata the lege exhibit a 
i^^kable condition, the tibiae being dilated, and on the upper 
aae of a vivid red colour, while below they are white. This 
coloration and form are each unusual in the famUy. The male 
ot Flatyc^U pennipes, a British species (Fig 264), shows a 
aumlar dilatation of the tibiae, but to a less extent and without 
K ^ in the colour of the two frees of the dilate- 

reaches its maxim u m in JPnioonemis 
fKsa MTCAch* The position of the lege in relation to 

^ peculiar to the dragon-fliee; the 
walking, the Insects never using them 
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Several peculiarities in the internal anatomy deserve notice. 
The alimentary canal in Lihellvla is about as long as the body, 
the oesophagiis and chylific stomach being elongate, while the 
intestine is short and divided into only two parts ; there is no 
definite proventriculus. The Malpighian tubules are shorter 
than usual ; they are about forty in number. The male has no 
vesiculae seminales ; the vasa deferentia are elongate, and the 
ejaculatory duct is very short, being in fact merely a common 
sinus formed by the terminations of the vasa deferentia. The 
opening of this duct is situated on the penultimate ventral plate; 
the organs of intromission are, however, placed much anterior 
to this, on the under side of the second segment. The mode in 
which the fertilising fluid is transferred from the ninth to the 
second segment is not well understood, but it is known that 
the abdomen is flexed by the Insect so as to bring the ninth 
ventral plate into contact with the second. The three thoracic 
ganglia of the nervous chain are all contiguous, though not 
completely amalgamated ; the abdominal ganglia are seven in 
number, and are all separated, the terminal one being larger than 
the others. Dufour, after repeated dissections, was unable to find 
any salivary glands, but Olga Poletajewa ^ states that they exist. 

The Odonata must be ranked among the most highly- 
organised Insects so far as external structure and powers of 
locomotion are concerned ; the peculiar modifications of the 
thoracic segments and the relative positions of the wings an 
legs mark a great departure from the normal ty^ of Insect 
structure. Their prey consists of living Insects, which they Mp- 
ture on the wing by their own superior powers of flight. They 
destroy a great many Insects, their appetite for food being, as m 
the cases of the Mantidae and of the tiger -beetles, apparently 
almost insatiable. They are admirably constructed for the pur- 
poses of their predatory lives ; they fly with great swiftn^ an 
change the direction of their flight with admirable fa^ty. 
They are, however, dependent on sunshine, and conceal 
selves in duU and cloudy weather. The larger Insects of the 
family belong to the division Anisopterides (Fig. 260, 
formoffus), and some of these may, in our own country, usually 
seen, in the bright sunshine of the summer and autumn, engag 
in hawking in their favourite haunts. Places where other InsecU 

^ Ilorae Soc. tni. Ross. xtI. 1881, p. 8. 
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abound are naturally those most frequented ; the glades of woods, 
country lanes and hedge-aides, the borders of streams and the 
margins of sheets of water are the places they most affect. They 
inspire the rustics with some feeling of fear, and hence have 
received the name of “ horse-stingere,” and in North America are 
called “devil’s darning-needles.” The aversion to dragon-flies 
may perhaps be due to their appearance, which is certainly, in 
the case of some of our species of Aeschna, Cwdtdegaster, and 
Gomphvs, very remarkable, consisting of a dark ground-colour 
\nth bars and spots of vivid green or yellow, giving, it must be 
^^tted, a pecuHar, even savage appearance to the Insects, 
matever the r^n may be, they are, it is certain, held in much 
fear, and it is difficult to induce a country lad to touch one even 
when it is captiired and held by another person. The idea of 
^gon-flies being dangerous to anything but their Insect victims 
18, however entirely erroneous; they may be captured and 
^ffied without their inflicting any injury. It is probable that 
tne Hie of the imago may endure for several weeks if not months. 

fuscor—a. common European though 
British dragon-fly — hibernates in the imago state. 

^ dragon-flies we have mentioned, each 

same T he believed to be the 

hawkiog daily for several weeks together over a 

observed a specimen of CordultgasUr 
to frequent a particular bush, to which it re toned 

^^ “ih “T- an exertion in search 

01 jooi The way in which these Insects actuaUy seize their 

Su^nr r heen made clear; it is certain that they 

have alrei^^ ^eeote, and it seems most probable, as wo 

These lu ^ *"7 means of the legs. 

to to Ta ? “® hmerted so as to be very nto 

at toht directed forwards, and are held bent 

if the draimn*^'^ ®^“®® ^ “ probable that 

^ then 

direcu 7 it^,*r mouth, so that the victim, 

itself in the leg-trap of its pursuer, finds 

jaws of Its destroyer. It is perhaps impossible to 
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Terify this by actoal observation, as the act of capture and trans- 
fer is 80 very brief and is performed in the niidst of a rapid 
dash of flight, but it seems more probable that the prey is 
struck by the l^s than that the mouth is the primary instrument 
of capture. The excessive mobility of the head permits the victim 
to be instantly secured by the mouth, and the captured fly is 
turned about by this and the front pair of legs, and is nipped 
rapidly so that the wings and drier parts fall off; the more 
juicy parts of the prey are speedily squeezed into a little ball, 
which is then swallowed, or perhaps we should rather say that 
the mouth closes on it, and submits it to further pressure for the 

extraction of the juices. We 
have already noted that many of 
these large and active dragon- 
flies, particularly in the Libellu- 
linae and Aeschninae, have their 
eyes distinctly divided into two 
^ parts, the facets in the lower 
part of the eye being diflerent 
from those of the upper part. 
Cxner considers * that the upper 
division is for the perception of 
movement, the lower for the 
perception of the form of rest- 
ing objects. Plateau thinks * 
that the dragon-flies perceive 

C only movement, not form. 

Fio. .268 Inner riew of e portion of rirv- onlendid acts of flight 

the left side of body of LibeUula de- ™ 

jfrtMsa, showing A part of the mechanum of tll 6 Allifi0pt6nu iJw'BBXA Uo 

of fligh^ ^ eome of the ^tinoua accomplished by the aid of a 
ridges at base of tba upper wing, aod / K.Vin 

some of the inaartio&i of the tendons coHiplBX BXTBXlgBXXiBnt Ox CIUUii* 

of moeclee. A. line of eoction through at the bases of the 

beee of upper wing, the wing being OXIB pieceS at tne mw 

snppoaed to be directed backwards; CS, vringS (Tig* 263). InseCtS 

with considerable powe« of 
the pieces connected with the two wings, gierht the hind wings are usually 
(After von Lendenfeid.) subordinate in functional im- 

portance to the anterior, to which they are attached by a series 
of hooks, or some other simple m echanism , on the wings. 

* JPhytiot* /aceiL Aug. 1891» jw 115. 

« Bull At. BOgigut (8), xri 1888, Ko. llg p. 81- 
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In the Odonata the two wings of each pair are quite free, but 
they are perhaps brought into correlative action by means of a 
lever of unusual length existing amongst the chitinous pieces in 
the body wall at the base of the wings (Fig. 263, 6). The wing 
muscles are large ; according to von Lendenfeld * there are three 
elevator, five depressor, and one adductor muscles to each wing : 
he describes the wing movements as the results of the correlative 
action of numerous muscles and ligaments, and of a great numr 
her of chitinous pieces connected in a jointed manner. 

Amans* has suggested that the mechanism of flight of the 
dragon-fly would form a suitable model for a flying-machine, to 
Jbe propelled by electricity. 
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262, A. and Kk. ^41 

these more fragUe Insects • thw poasessed by 

-nd airy mam.rfro'n^:; t^stflr 
fosses that flourish in the lo^^ thL^ 
belong the fairy-like Insecta^the ^ 

-ions parts of the body and brings ^'InSTtkt.T^t 
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metallic tints, while sometimes the two sexes of one species have 
differently coloured wings. The smallest and most delicate 
dragon-flies that are known are foimd in the tropics ; some of 
the genera allied to Agrion consist of Insects of extraordinary 
fragility and delicacy. 

Although the mature Odonata are so pre-eminently endowed 
for an aerial and active life, yet in the earlier stages of their 
existence they are very different ; they are then, without excep- 
tion, of aquatic habits ; though carnivorous also in this period 
of their existence, they are sluggish in movement, lurking in 
concealment and capturing their prey by means of a peculiar 
conformation of the mouth, that we shall subsequently describe. 
Their life-histories are only very imperfectly known. 

The eggs are deposited either in the water or in the stem of 
some aquatic plant, the female Insect occasionally undergoing 
submersion in order to accomplish the act The young on 
hatching are destitute of any traces of wings (Fig. 265), and the 
structure of the thoracic segments is totally different from what 
it is in the adult, the rectal respiratory system (Fig. 265, x\ to 
which we shall subsequently allude, being, however, already present 
The wings are said to make their first appearance only at the third 
or fourth moult At this time the pleura of the second and third 
thoracic segments have grown in a peculiar manner so as to form 
a lateral plate (Fig. 266, B, shows this plate at a later stage), and 
the wing-pads appear as small projections from the membranes at 
the upper margins of these pleural plates (Fig. 266, A, B). The 
plates increase in size during the subsequent stadia, and meet 
over the bases of the wing-pads, which also become much lon^r 
than they were at first. The number of moults that occur during 
growth has not been observed in the case of any species, but they 
are believed to be numerous. There is no pupa, nor is there any 
well-marked quiescent stage preceding the assumption of the 
winged form at the last ecdysis, although at the latter part of ito 
life the nymph appears to be more inactive than usual When full 
grown, the nymph is more like the future perfect Insect than it wm 
at first, and presents the appearance shown in Figs. 266 and 270. 
At this stage it crawls out of the water and clings to some sup- 
port such as the stem or leaf of an aquatic plant ; a few minutes 
after doing so the skin of the back of the thoi^ic region splits, 
and the imago emerges from the nymphal skin. The nymp s 
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never have the body so elongate as the perfect Insect, the differ- 
ence in this respect being frequently great, and the nymphs of 
the subfamily Libellulinae being very broad (Fig. 266. nymph of 
Jctxnu9 sp.); consequently the creature on emergence from the 
nymph-akin is very much shorter than it will soon become. 



PlO. 265.--Urrft of JUpUa jut Lrtebed. f*. 
» g«DgUoii of tbo ventnl chftbi ; dorvd 
^ trachoil network reaad tectnni. 
{A^ Pncktfd, P. BoiUm Soc, xL 1868. 
P* 806.) ' 





no* 


wp^ njmph, Hlnu* 

(After Cebote) 


^tenaon begi™ to take place almost immediately j it has been 

St 

pr^nt when the emergence takes place. The win ^ 
.umkly untu the £uU le:?gtb is attaipeT^ 
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the expansion of the wings is accompanied by fi^uent eleva- 



tions and depressions of the body, and 
occupies an hour or so ; the elongation 
of the abdomen is not so soon completed, 
and its brilliant colours do not appear 
for several hours. 

The mouth of thenymph bears a remark- 
able structure called the mask (Fig. 268). 
It is apparently formed by a backward 
growth of the basesof thelabium and lingua, 
a hinge being formed between the two at 
the most posterior point of their growth. 
The prolonged portions of these parts 


Fia. 267.— Youo« nympii of are free : usually the mask is folded under 

AaeAiM Bp. (Cambridge) head, but it can be unfolded and 
about fourth moult. ... , j 

thrust forward, remaining then attached 


to the head by means of the more anterior 
parts of the lingua and by the maxillae, 
the whole of the elongate apparatus be- 
ing, when used, extended from this anterior 
part of its attachment The front parts 
of the labium form a prehensile appa- 
ratus armed with sharp teeth, so that the 
structures make altogether a very effectual 
trap, that can be extended in order to 
secure the prey. 

The fact that the dragon-fly passes 
suddenly, in the middle of its existence, 
from an aquatic to an aerial life, makes 
the condition of its respiratory organs a 
subject for inquiry of more than usual 
interest. Edaumur was of opinion that 



the nymph was, in spite of its aquatic 288 .— Under dde of 
existence, provided with an extensive be^d of Oaieptetyz vir^ 

1 -j: r 1 i.u nymph, with mAak un- 

system of stigmata or orifices for breatn- foidod. a, Lingn* ; . 

ing air ; this was, however, denied by lino 

Dufour, and his opinion seemed to be S^*?p’; 4 lower lip^^ 

supported by the fact that other means 

of obtaining air were discovered to exist ^ 

in these nympha The inquiries connected with the respiration 
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of Odonata are still very incomplete, but some interesting points 
have been ascertained, the most important of which is perhaps 


the existence in some forms of a 
respiratory system in connexion 
with the posterior part of the ali- 
mentary canal (Fig. 269). In the 
nymphs of Anisopterides the system 
consists of four main tracheal 
trunks, traversing the length of 
the body, and by their ramifica- 
tions and inosculations forming an 
extensive apparatua Connected 
with the four main trunks we 
have described, there is a shorter 
pair confined to the abdomen, 
where it supplies a large number 
of branches to the walls of the 
stomach. The dorsal pair of the 
main tubes give numerous sub- 
sidiary branches to the outside of 
the rectum, and the ventral pair 
furnish a smaller number. The 
walls of the gut are penetrated by 
the branches, which inside the 



Fio. 269.^PoTtioD of tnckoAl systoiD 
of D]rniph of Aeschna cyanea. 
^ ^ Jty Jtf rectun ; A^ anoA ; 
dom! ; Tutral, tracheal tabes ; 

Malpi^ian tabes. (After Oas* 
Ulet) 


rectum form numerous loops; these, covered by a membrane, 

project into the interior in the form of multitudinous papiUae 

(.^schninae). In the Libellulinae the papillae are replaced by 

more flattened processes or lamellae. The structures attain a 

rei^kable development, there being in Aeschna cyanea upwards 
of 24,000 papillae. 

These rectal gills obtain air from water admitted into the 
rectum for the purpose ; the extremity of the body b^g armed 
vnth projections of variable form, that can be separated to 
aUow ingress and egress of the fluid, or brought into close 
apportion so as to close the orifice. The water so taken' in 
can, by some species, be ejected with force, and is used ooca- 
monaUy as a means of locomotion. These reottd branchiae can 
absorb ^ as well as air dissolved in water. If the fluid 
m which the creatures are placed has been previously boiled 
80 as to expel the air from it. the nymphs then thrust the 
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extremity of the body out of the water and so obtain a supnlv 
of air. 

Oustalet and Falm^u stata that at the last ecdysis the 
lamellae, or the papillae, do not disappear, but remain quite 
empty, and are consequently functionless, while on the tracheal 
trunks there are developed air vesicles to fit the creature for its 
aerial career, Hagen says that in Epiiheca the whole structure 
of the gills is shed at the final moult 

The subject of the rectal branchiae of Lihellvla has been dis- 
cussed and illustrated by 
Chun,' who states that Ley- 
dig has made known that in 
Phryganea grandis a structure 
is found connecting the rectal 
branchiae of LihelltUaYiith the 
rectal glands of some other 
Insects. We have not been 
able to find a confirmation of 
this in the writings of Leydig 
or elsewhere. 

In the nymphs of the 
^gopterides the highly-de- 
veloped rectal brabchiae found 
in the Aeschninae and libel- 
lulinae do not exist, and the 
respiration seems to be of a 
complex character. In one 
division of the Zygopterides 
— Calepteryginae — rectal 
gills of an imperfect character 
are said by Hagen and others 
to exist.* The nymphs of the Zygopterides are provided with three 
mobile processes at the extremity of the body (Fig. 270); these serve 
the purposes of locomotion. They are believed to possess also a 
respiratory function, but this must be of an accessory nature, for 
the nymphs live after the removal of the processes, and indeed 
reproduce them ; the Hk-in of these processes is harder than is 
usual in Insect gills. In the nymph of Euphaea — a genus of 
Calepteryginae found in tropical Asia— 'there are also external 



Flo. 270 . — OaUpieryx mature oymph^ 

BritAixL 


> Abh. SencJemb. (7««. x. )87fi, p. 18, pi. ilL 


» ZooL An*, iii 1880, p. 1«0. 
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abdominal gills, and ia this case lespiratioa may, according to 
Hagen,^ take place in four different manners : (1) by ten pairs of 
stigmata ; (2) by lateral branchiae well furnished with tracheae ; 
(3) by caudal branchiae ; (4) by rectal branchiae. It is further 
said that in this Insect the lateral branchiae persist in the imago. 

Although the means of respiration of the nymphs have been 
fairly well ascertained, yet the mode in which the nymph is 
prepared for the sudden change from the aquatic to aerial life 
is still obscure, the condition of the stigmata not being 
thoroughly elucidated. It appears probable, however, that the 
young nymph has no stigmata ; that these organs appear in the 
course of its development, being at first quite impervious, but 
becoming — at any rate in the case of the larger and more im- 
portant pair — open previous to the final ecdysis. We have 
mentioned the contradictory opinions of Reaumur and Dufour, 
and will now add the views of some modem investigators. 
Oustalet says * that there are two pairs of spiracles in the 
nymphs ; the first pair is quite visible to the naked eye, and is 
situate between pro- and meso-notum ^ it is in the nymph closed 
by a membrane. The other pair of spiracles is placed above the 
posterior pair of legs, is small and completely closed. He does 
not state what stage of growth was attained by the nymphs he 
examined. Palm4n was of opinion that not only thoracic but 
abdominal spiracles exist in the nymph,* and that they are com- 
pletely closed 80 that no air enters them; he says that the 
spiracles have tracheae connected with them, that at each moult 
the part closing the spiracles is shed with some of the tracheal 
exuviae attached to it. The breathing orifices are therefore for a 
short time at each ecdysis open, being subsequently again closed 
by some exudation or secretion. This view of Palm^n’s has been 
thoi^ht improbable by Hagen and Dewitz, who operated by 
placing nymphs in alcohol or warm water and observing the 
es^pe of bubbles from the spots where the supposed breathing 
orifices are situate. Both these observers found much diffeience 
in the results obtained in the cases of young and of old nymphs. 
Hagen ooncludM that the first pair of thoracic spiracles are 
functionally active, and that abdominal stigmata exist though 

• OR, Soe. €tU. S*tgique, xxiii. 1880, p. IxrtL 

• Atm. Sei. Nat. (6) xL Zool, 1889, p. 877. 

• Zur MorpKologU d«$ Tneh«etuy$tma, E«laiagroT«, 1877, p. 88. 
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functionlesa ; he appears to be of opinion that when the first 
thoracic stigma is closed this is the result of the abutting against 
it of a closed trachea. Dewitz found ^ that in the adult nymph 
of Aeschna the thoracic stigma is well developed, while the other 
stigmata — to what number and in what position is not stated — 
are very small. In a half-grown Aeschnid nymph he found the 
thoracic stigma to be present in an undeveloped form. On placing 
a full-grown nymph in alcohol, gas escaped from the stigma in 
question, but in immature nymphs no escape of gas occurred 
although they were subjected to a severe test A specimen that, 
when submitted to the above-mentioned immersion, emitted gas, 
subsequently moulted, and thereafter air escaped firom the 
spiracle previously impervious. The observations of Hagen and 
Dewitz are perhaps not so adverse to the views of Palm^n as has 
been supposed, so that it would not be a matter for surprise if 
Palm^n’s views on this point should be shown to be quite correct. 

The number of species of Odonata or Libellulidae that have 
been described is somewhat less than two thousand, but constant 


additions are made to the number, and when the smaller and more 
fragile forms from the tropics are collected and worked out it will 
probably be found that the number of existing species is somewhere 
between five and ten thousand. They are distributed all over 


the world, but are most numerous in species in the warmer regions, 
and their predominance in any one locality is very much regulated 
by the existence of waters suitable for the early stages of their 


lives. 

A good work on the British Odonata is still a desideratum-* 
In Britain about forty-six species are believed to be native. They 
are said to be of late years less numerous than they used to be. 
Notwithstanding their great powers of flight, dragon-flies are 
destroyed by birds of various kinds ; several hawks are said to be 
very fond of them, and Merops persicus to line its nest with their 
wings. The number of Insects killed by dragon-flies in places 
where they are abundant miist be enormous ; the nymphs, too. 


* ZooU Anz^ xiiu 1880, p. 500. 

* The following works convey the best informstion : Evens's BritxA Zibeilultnazor 

Dragon^jiUs^ illustrated in a series of lithographic drawings, 1846. Hij^n, 
Synopsis of the British Dragon-flies," in Enicmologizii Annual, 1867. W 1^^ > 

Catalogue of ike British Ncuroptera, published by the Entomological Society 

in 1870 ; and ^^The British Dragon-fliea annotated," BnUm. Month. Mag. xx. 188 , 
pp. 251 -266. 



XVIII 


DRAGON-FLIES 


425 


are very destructive in the waters they inhabit, so that dragon- 
flies have no doubt been no mean factor in maintaining that 
important and delicate balance of life which it is so difficult 
for U3 to appreciate. The nymphs are no doubt cannibals, 
and this may perhaps be an advantage to the species, as the eggs 
are sometimes deposited in large numbers in a limited body of 
water, where all must peiish if the nymphs did not, after exhaust- 
ing other food, attack one another. Martin, speaking of the 
Odonata of the D^partement de I'lndre in France, says : ^ “ The 
eggs, larvae, and nymphs are the prey of several fishes, snakes, 
newts, Coleoptera, aquatic Hemiptera, and of some diving birds. 
Sometimes the destruction is on a considerable scale, and one 
may notice the dragon-flies of some piece of water to diminish 
padually in numbers, while the animals that prey on them 
increase, so that a species may for a time entirely disappear in 
a particular spot, owing to the attacks of some enemy that has 
been specially prosperous, and also eager in their pursuit De 
Selys found that from a pond filled with carp, roach, perch, 
and eels, several of the dragon-fly denizens disappeared directly the 
bream was introduced.” On the other hand, there can be Uttle 
doubt that the nymphs are sometimes injurious to fish ; it has 
been recorded that in a piscicultural establishment in Hungary 
50.000 young fishes were put into a pond in spring; in the 
foUowing autumn only fifty-four fish could be found, but there 
were present an enormous quantity of dragon-fly nymphs. 

Odonata are among the few kinds of Insects that are known 

to form swarms and migrate. Swarms of this kind have been 

frequently observed in Europe and in North America; they 

usuaUy consist of species of the genus Uhdlvla, but species of 

various other genera also swarm, and sometimes a swarm may 

consist of more than one species. X. quadHmacvlata is the species 

that perhaps most frequently forma these swarms in Europe* 

a large migration of this species is said to occur every year in 

the Charente inf^rieure from north to south.* It is needless to 

say that the instincts and stimuli connected with these miffrations 
are not understood. ® 

The nymphs are capable, under certain circumstances of 
^i^c^ting themselves to very peculiar conditions of life. 
The Sandwich Islands ore extremely poor in stagnant waters, and 

* Av. v. 1886. ^ 232. * Bivaaa, Fm^Ule NaL xii. 1882. p. 128. 
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yet there exist 
peculiar species 



in this remote archipelago several highly 
of Agrioninae. Mr. R. C. L. Perkins has 
recently discovered that the nymphs of some 
of these are capable of maintaining their 
existence and completing their development 
in the small collections of water that accumu* 
late in the leaves of some lilies growing on 
dry land. These nymphs (Fig. 271) have a 
shorter mask than occurs, we believe, in 
any other Odonata, and one would suppose 
that they miist frequently wait long for a 
meal, as they must be dependent on stray 
Insects becoming immersed in these tiny 
reservoirs. The cannibal habits of the 
Odonata probably stand these lily-dwellers 
short raasj4 liviog iu in good Stead ; Mr. Perkins found that there 

wat^r in lilias. Ha- . . . . i_ r 

woiion Islands, x 3 . were sometimes two or three nymphs of 

different sizes together, and we may suspect 
that it sometimes goes hard with the smaller fry. The extension 
in the length of the body of one of these lily-frequenting Agrions 
when it leaves the water for its aerial existence is truly extra- 
ordinary. 

The Odonata have no close relations with any other group of 
Insects. They were associated by Latreille with the Ephemeridae, 
in a family called Subulicomia. The members of the two groups 
have, in fact, a certain resemblance in some of the features of 
their lives, especially in the sudden change, without intermediate 
condition, from aquatic to aerial life ; but in all important points 
of structure, and in their dispositions, dragon-flies and may-flies 
are totally dissimilar, and there is no intermediate group to 
connect them. We have already said that the Odonata consist 
of two very distinct divisions — Anisopterides and Zygopteridea 
The former group comprises the subfamilies Gomphinae, Cordu- 
legasterinae, Aescbninae, Corduliinae, and Libellulinae, — Insects 
having the hinder wings slightly larger than the anterior pair ; 
while the Zygopterides consist of only two subfamilies Calep- 
teryginae and Agrioninae ; they have the wings of the two pairs 
equal in size, or the hinder a little the smaller. The two groups 
Gomphinae and Calepteryginae are each, in several respects, of 
lower development than the others, and authorities are divided 
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in opinion as to which of the two should be considered the more 
primitive. It is therefore of much interest to find that there 
exists an Insect that shares the characters of the two primitive 
subfamilies in a striking manner. This Insect, Palaeophlehia 
mperstes (Fig. 272), has recently been discovered in Japan, and 
is perhaps the most interesting dragon-fly yet obtained. I>e 
Selys Longchamps refers it to the subfamily Calepteryginae, on 
account of the nature of its wings ; were the Insect, however, 
deprived of these organs, no one would think of referring Palaeo- 
phlehia to the group in question, for it has the form, colour, and 
appearance of a Gomphine Odonate. Moreover, the two sexes 



Fio. 272. — Paiato^ 
phlebia supplies, 
A, The Insect with 
wings of one aide 
end with two legs 
removed ; B, front 
view of bend of 
femsie ; 0»of mnle. 
(After De Selys.) 


C 


differ in an important character, — the form of the head and eyes. 
In this respect the female resembles a Gomphine of inferior 
development ; while the male, by the shape and large size of 
the ocular organs, may be considered to combine the characters 
of Gomphinae and Calepteryginae. The Insect is very remark- 
able in colour, the large eyes being red in the dead exomplea 
We do not, however, know what may be their colour during life, 
as only one pair of the species is known, and there is no record 
as to the life-history and habits. De Selys considers the nearest 
ally of thm Insect to be HcteropTUebia disloeata, a fossil dragon- 
fly found in the liOwer Tjftfl of England. 

Numerous fossil dragon-flies are known; the group is well 
represented in the Tertiary strata, and specimens have been 
found in amber. In strata of the Secondary age these Insects 


428 


NEUROPTERA 


CHAP, xvni 


have been found as far back as the Lower Lias ; their remains 
are said to exist in considerable variety in the strata of that 
epoch, and some of them to testify to the existence at that period 
of dragon-flies as highly specialised as those now living. Accord- 
ing to Hagen * Platephemera antiqua and Gerephemera simplex, 
two Devonian fossils, may be considered as dragon-flies ; the 
evidence as to this appears inadequate, and Brengniart refers the 
latter Insect to the family Platypterides, and considers Plate- 
pheraera to be more allied to the may-flies. 

One of the most remarkable of the numerous discoveries lately 
made in fossil entomology is the finding of remains of huge Insects, 
evidently allied to dragon-flies, in the Carboniferous strata at Com- 
mentry. Brongniart calls these Insects Protodonates,’ and looks on 
them as the precursors of our Odonata. Meganeura monyi was 
the largest of these Insects, and measured over two feet across the 


expanded wings. If M. Brongniart be correct in his restoration 
of this giant of the Insect world, it much resembled our existing 
dragon-flies, but had a simple structure of the thoracic segments, 
and a simpler system of wing-nervures. On p. 276 we figured 
TitanophasToa fayoli, considered by Scudder and Brongniart as 
allied to the family Phasmidae, and we pointed out that this 
supposed alliance must at best have been very remote. This view 


is now taken by M. Brongniart himself,* he having removed the 
Insect from the Protophasmides to locate it in the Protodonatea 
near Meganeura. There appears to be some doubt whether the 
wings supposed to belong to this specimen were really such, or 


belonged rather to some other 8x>ecies. 


' Bull. Mus. Harvard, tuL 1860-81, p. 278. 

^ In$ccU9 foisiUst p. S94. ^ p. 396* 


CHAPTER XIX 

AMPHIBIOUS NEUKOPTEBA CONTllfUSD EPHEMSBIDAE, MAY-FLIES 

Fam. Vn. Ephemeridae — ^May-flies. 

Delicate Inaecte vyitK atrophied mouth and small, short antennae; 
xoith four membranous xoings 
having mwh minute cross- 
veining ; the hinder pair very 
much smaller than the other 
pair, sometimes entirely absent : 
the body terminated by three 
or two very elongate slender 
tails. The earlier stages are 
passed through in water, and 
the individual then differs 
greatly in appearance from 
the winged Insect ; the passage 
between the two forms is sud- 
den; the creature in its first 
winged state is a subimago, 
which' by shedding a delicate 
skin reveals the final form of 
the individual. 

The may-flies are well known — in 
literature — as the types of a brief 278.— dantiea, male, 
and ineffectiTO life. This supposed Britain. 

brevity relates solely to their existence in the winged form. In 
the ^lier stages the may-fly is so unlike its subsequent self 
that it is not recognised as a may-fly by the uninitiated. The 
total life of the individual is really quite as long as that pf most 
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other Insects. The earlier stages and life-histories of these 
Insects are of great importance. The perfect Insects are so 
delicate and fragile that they shrivel much in drying, and are 
very difficult to preserve in a condition suitable for study. 

The mouth of the imago is atrophied, the trophi scarcely 
existing as separate parts. Packard says that in I*alingtnia 
hilineata he could discover no certain traces of any of the mouth- 
parts, but in Leptophlehia cupida he found, as he thought, the 
rudiments of the maxillae and labium, though not of the mandibles. 
The antennae are always short, and consist of one or two thick 
basal joints succeeded by a delicate needle-like segment, which, 

though comparatively long, is 
not divided. The ocular organs 
are remarkable for their laige 
size and complex development ; 
they are always larger in the 
male than they are in the 
^ female. The compoimd eyes of 
the former sex are in certain 
species, e.g. Cloton (Fig. 274), 



Fio. 274. — Front of head of Cloion^ male. 
Pillared eye ; eeasile eye ; r, ocellus. 


^ quite divided^ bo that each eye 
becomes a pair of organs of a 


different character ; one part forms a pillar facetted at its summit, 
while the other part remains as a true eye placed on the side of 
the head ; in front of these compound eyes there are three ocelli 
Thus the Insect eomes to have three different kinds of eyes. 


together seven in number. 

The prothorax is small, the pronotum being, however, quite 
distinct. The mesothorax is very large ; its notum forms by far 
the larger part of the upper siirface of the thoracic region, the 
metathorax being small and different in structure, resembling 
in appearance a part of the abdomen, so that the hind wings 
look as if they were attached to a first abdominal segment. 3^0 
mesoeternum is also disproportionately large in comparison with 
the homologous piece preceding it, and with that foUowmg it. 
The pleural pieces are large, but their structure and disposition are 
only very imperfectly understood. The coxae are small and are 
widely separated, the anterior being, however, more elongate and 
approximate than the othera The other parts of the legs are 
slender ; the number of joints in the tarsi varies from five to one. 
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Fio. 275.~Wij)ga of Ephemera danua. (After Eaton.) 


The legs throughout the family exhibit a considerable variety of 
structure, and the front pair in the males of some species are remark- 
ably long. The abdomen is usually slender, and consists of ten 
segments ; the terminal one bears three, or two, very long flexible 
appendages. The first dorsal plate of the abdomen is either 
wanting or is concealed to a considerable extent by the meta- 
notum. The wings 
are peculiar ; the an- 
terior pair vary a 
great deal in their 
width, but are never 
very long in propor- 
tion to the width ; 
the hind pair are 
always dispropor- 
tionately small, and 
sometimes are quite 
wanting. The vena- 
tion consists of a few, or of a moderate number, of delicate lonm- 
tudinal veiM that do not pursue a tortuous couree, but frequently 
are gracefully curved, and form a system of approximately similar 
cu^es, most of the veins being of considerable length ; close to the 
anterior margin of the wing there are two or three sub-parallel 

numerous fine, short cross- 

vei^ets, but these vary greatly and may be entirely wanting 
The earlier st^^ of the Hfe of Ephemeridao are, it is believed. 

tL fiT May-flies, indeed, during 

period of their post-embryonic development are more modified 

for an aquatic life than any other Insects, and are provided with 

committed 

Me w® embiyomc development is also aquatic ; 

Me however. IS known of it According to Joly > the proceed 

emerging from the 

T t I "y«tem. The creature in emergent 

*. • ®®. Owing to the organisation being inferior the 

creatu™ ,ta earlier stagea is eallS a We ; in fta 

' Mem. Ac. Sei. Touiouee (7), iii 1871, p. 87». 
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it is usually spoken of as a nymph, but the term larva is also 
frequently applied to it. Soon the gills begin to appear in the 
form of small tubular caeca placed in the posterior and upper 
angles of the abdominal rings ; in fifteen days the gills begin to 
assume their characteristic form, are penetrated by tracheae, and 



Fia.276.— NymphofC7o«(mrfvterum.» Wing-sheith Fio. L»rvule 

of left side, gills of right side, removed ; g, dimidMum, (Alter 

tracheal gills. (After Vayasiire.) bock.) 

the circulation can be seen. The amount of growth accomplished 
after hatching between March and September is but small 

The metamorphosis of Clo'eon has been described by Sir John 
Lubbock ; he informs us that the young creature undergoes a 
constant and progressive development, going through a series o 
more than twenty moults, each accompanied by a slight 
of form or structure. His observations were made on captured 

> In reference to a doubt aa to the name of this nymph cf. Eaton. TV. Linn. 
Soc. Zool. (2) ui. p. 20. 
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specimens, so that it is not certain that what he calls ^ the first 
stage is really such. He found no tracheae in the earliest stages ; 
the small first rudiments of the gills became. visible in the third 
stage, when there were no tracheae ; the fourth instar possessed 
tracheae, and they could be seen in the gills. The wing rudi- 
ments could first be detected in the ninth and tenth stages. The 
changes of skin during the winter months are separated by 
longer intervals than those occurring at other periods of the year. 

The nymphs differ greatly in the structure and arrangement 
of their tracheal gills, and display much variety in their general 
form and habits \ some of them are very 
curious creatures. Pictet® divides them 
in accordance with their habits into four 
groups: (1) Fossorial larvae: these live 
in the banks of streams and excavate 
burrows for shelter; they are of cylin- 
drical form, possess robust legs, abundant 
gills at the sides of the body, and 
frequently processes projecting forwards 
from the head : examples. Ephemera (Fig. 

278) and Palingenia. (2) Flat larvae: 
these live attached to rocks, but run with 
rapidity when disturbed; they prefer rapid 
streams, have the breathing organs at- 
tached to the sides of the body and not 
reposing on the back ; they are exclu- 
sively carnivorous, while the fossorial 
forms are believed to obtain their nutri- 
ment by eating mud: example, Baitis. 

(3) Swimming larvae : elongate delicate 
creatures, with feeble legs, and with strongly 
ciliated caudal setae : example, Cloion (Fig. 

276), (4). Climbing larvae: these live in 
slowly-moving waters, especially such as 
have much slimy mud in suspension, and p,q 070 u 
they have a habit of eovermg them- 
selves with this mud sometimes to such Brit 4 iiu 

an extent as to become concealed by it : example, Potamanthus. 



' Soc. xxiv. ises. p. 62, 6nd XXY. 1866. p. 477 

> Sit, Sol Seuropt. 1848. p. U. 
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The anatomy of the nymphs has been treated by Vayssifere,* 

who arranges them in five groups in 
accordance mth the conditions of the 
tracheal gills : ( 1 ) The gills are of large 
size, are exposed and furnished at the 
sides mth respiratory fringes : ex- 
ample, (Fig. 278). (2) The 

branchiae are blade-like, not fringed, 
and are exposed at the sides of the 
body: example, C7oeon (Fig. 276). (3) 
The respiratory tubes are placed on 
the imder surface of plates whose 
upper surface is not respiratory: ex- 
ample, Oligoneuria garumniea (Fig. 
279). (4) The anterior gill is modi- 

fied to form a plate that covers the 
others : example, Tricorythua (Fig. 
282, B). (5) The gills are conceal^ in 
a respiratory chamber : example, Proso- 
pistoma (Yi^. 280). The last of these 
nymphs is more completely adapted 

garumniea, Tnsxce. for an aquatic life than any other 

two of the dorsal tracheal gills, jngect at present known ; it was for 

long supposed to be a Crustacean, but 
it has now been shown to be the early stage of a may-fly, 
the sub-imago having been reared from the nymph. The 
carapace by which tlie larger part of the body is covered is 
formed by the union of the pro- and meso-thorax with the sheaths 
of the anterior wings, which have an unusually extensive develop- 
ment ; under the carapace there is a respiratory chamber, the 
floor and sides of which are formed by the posterior wing- 
sheaths, and by a large plate composed of the united nota of the 
metathorax and the first six abdominal segments. In this 
chamber there are placed five pairs of tracheal gills entrance of 
water to the chamber is effected by two laterally-placed orifices, 
and exit by a single dorsal aperture. These nymphs use the 
body as a sucker, and so adhere strongly to stones under water. 
When detached they swim rapidly by means of their caudal 
setae ; the form of these latter organs is different from that 

» Ann. Sei. Xal. Zool. (6) xui. 1882, pp. 1-1S7, pla 2-11. 
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Fio. 260» ^ frosopi- 
sterna punctifrmSf 
njmplL lVmnc«. 
(After Vftyssi4re») o, 
Orifice of exit fi^Di 
respirator)* ebsmber. 


of other Ephemerid nymphs. This point and other details 
of the anatomy of this creature have been 
described in detail by Vayssiere.^ These 
nymphs have a very highly developed tracheal 
system ; they live in rapid watercoiirses 
attached to stones at a depth of three to six 
inches or more under the water. Species of 
Prosopistoma occur in Europe, Madagascar, 
and West Africa. 

According to Eaton, ^ in the nymphs of 
some Ephemeridae the rectum serves, to a 
certain extent, as a respiratory agent ; he con- 
siders that water is admitt^ to it and ex- 
pelled after the manner we have described in 
Odonato, p. 421. 

The internal anatomy of the nymphs of 

Ephemeridae shows some points of extreme 

interest. The long 
caudal setae are 

respiratory organs of a kind that 
is almost if not quite without 
parallel in the other divisions of 
Insecta. The dorsal vessel for the 
circulation of the blood is elongate, 

. chambers are arranged one 

Fio. 281.— a, Last Ihnt abdomioal ^ segment of the body. It 

SS" the blood forwards in the nsual 

Urum ; r, donai vessel ; u, ostia manner, but the posterior chamber 

blood-vessels, one of 
entrance a ; b. blood-vessel of the which is prolonged into each caudal 

sirth'jS of terminal chamber is so 

^ from below ; b, a portion of aitanged 88 to drive the blood back- 

the blood«vessel : o, orifice in the * a At i aw 

utter. (After ZiowiennaniL) ^ards into the vessels of the setae ; 

on the under surface of the vessels 
there are oval orifices by which the blood escapes into the 
cavity of the seta so as to be submitted to the action 
of the surrounding medium for some of the purposes of 
respiration. This struoturo has been described by Zimmer- 

» ^nn. Sci. iYoA Zool. (7) ix. 1890, pp. 19-87, pie. 2-6. 

• Ann. KaL HiA (3) xTiii 1866, p. 145. 
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mann/ who agrees with Creutzberg * that the organ by which the 
blood is propelled into the setae is a terminal chamber of the 
dorsal vessel ; Verlooren ® who first observed this accessory sj’stem 
of circulation, thought the contractile chamber was quite separate 
from the heart. The nature of the connexion between this 
terminal chamber that drives the blood backwards and the 
other chambers that propel the fluid forwards appears still to 
want elucidation. 

The nymphs of the Ephemeridae being creatures adapted for 



Fig. 282.— a. Nymph of EphtmertUa igniia 
Viith gills of left eitle removed ; gills : 
B, oymph of Tricorythm sp. with gill 
cover of right side removed ; gill cover ; 
g\ gills. (After Vayssi^re.) 


existence in water, the details 
of their transformation into 
creatures having an entirely 
aerial existence cannot but be 
of much interest. In the 
nymphs the tracheal system is 
well developed, but differs from 
that of air-breathing Insects 
in the total absence of any 
spiraclea Palmdn has inves- 
tigated this subject,^ and finds 
that the main longitudinal 
tracheal trunks of the body of 
the nymph are not connected 
witli the skin of the body by 
tracheae, but are attached 
thereto by ten pairs of slender 
strings extending between the 
chitinous integument and the 
tracheal trunks. When the 
skin is shed these strings — or 
rather a chitinous axis in each 


one — are drawn out of the body, and bring with them the chitinous 
linings of the tracheae. Thus notwithstanding the absence of spir- 
acles, the body wall is at each moult pierced by openings that 
extend to the tracheae. After the ordinary moults these orifices close 
immediately, but at the change to the winged state they remain open 
and form the spiraclea At the same time the tracheal gills are com- 


> Zeilsehr. icias. Zool. xxxiv. 1860, p. 404. 

» Ann, Nat. Ilitt. (6) xv. 1885, p. 494. » Man. Cour. Ac. Belg. 4to, xix. 1847, p. 1. 

* Zvr Morphclogie dw TrachecnsysUma, Helaiogfon, 1877, pp. 1-20. 
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pletely shed, and the creatiire is thus transformed from a water- 
breather to an Insect breathing air as usual In addition to this 
change there are others of great importance, such as the develop- 
ment of the great eyes and the complete atrophy of the mouth- 
parts. The precise manner of these changes is not known ; they 
OCCIU-, however, within the nymph skin. The sudden emergence 
of the winged Insect &om the nymph is one of the most 
remarkable facts in the life-history of the may-fly ; it has been 
observed by Sir John Lubbock,* who describes it as almost in- 
stantaneous. The nymph floats on the water, the skin of the back 
opens, and the winged Insect flies out, upwards and away ; 
“ from the moment when the akin first cracks not ten seconds are 
over before the Insect has flown away.” The creature that thus 
escapes has not, however, quite completed its transformation. It 
is still enveloped in a skin that compresses and embarrasses it ; 
this it therefore rapidly gets rid of, and thus becomes the 
imago, or final instar of the life-cycle. The instar in which the 
creature exists winged and active, though covered with a akin, is 
called the sub-imago. The parts of the body in the sub-imago are 
as a whole smaller than they are in the imago, and the colour is 
more dingy ; the appendages — wings, l^s, and caudal setae — are 
generally considerably shorter than they are in the imago, but 
attain their full length during the process of extraction. The 
creatures being, according to Riley, very impatient and eager to 
take to the wing, the completion of the shedding of the skin of 

the sub-imago is sometimes performed whUe the Insect is flyinc 
in the air. * 


The food of young Ephemeridae is apparently of a varied and 
mixed nature* Saton saye^ 

mud; very- small organisms. r* • 

sueh «s diatoma and con- 
fervae, are thought to form 

a large part of the bill of fare of Ephemerid nymphs. Although 

* Tr. Linn. See. «t. 18M. p. i6t. » Ann. ITat. BieL (3) xyUL 186^ p. 145. 
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the mouth is atrophied in the imago, yet it is highly 
developed in the nymphs. This is especiaUy notable in the 
case of the lingua or hypopharynx (Fig. 283) ; indeed Vaysei^re^ 
seems to incline to the opinion that this part of the mouth may 
be looked on in these Insects as a pair of appendages of a head- 
segment (see p. 96 ante), like the labium or maxillae. 

The life-history has not been fully ascertained in the case of 
any species of may-fly ; it is known, however, that the develop- 
ment of the nymph sometimes occupies a considerable period, and 
it is thought that in the case of some species this extends to 
as much as three years. It is rare to find the post-embryonic 
development of an Insect occupying so long a period, so that we 
are justified in saying that brief as may be the life of the may- 
fly itself, the period of preparation for it is longer than usual. 
Reaumur says, speaking of the winged fly, that its life is so short 
that some species never see the sun. Their emergence from the 
nymph-skin taking place at sunset, the duties of the generation 
have been, so far as these individuals are concerned, completed before 
the morning, and they die before sunrise. He thinks, indeed, 
that individuals living thus 
among their fellows, most of whom, he says, live only an hour or 
half an hour.^ It is by no means clear to which species these 
remarks of Reaumur refer ; they are doubtless correct in certain 
cases, but in others the life of the adult is not so very short, and 
in some species may, in all probability, extend over three or four 
days ; indeed, if the weather imdergo an unfavourable change so 
as to keep them motionless, the life of the flies may be prolonged 
for a fortnight. 

The life of the imago of the may-fly is as remarkable as it is 
brief ; in order to comprehend it we must refer to certain peculi- 
arities of the anatomy with which the vital phenomena are con- 
nected. The more important of these are the large eyes of the 
males, the structure of the alimentary canal, and that of the 
reproductive organs. We have already remarked that the parts 
of the mouth in the imago are atrophied, yet the canal itself not 
only exists but is even of greater capacity than iisual ; it appe^ 
to have much the same general arrangement of parte as it had in 
the nymph. Its coats are, however, of great tenuity, and according 

» Ann, Sd. Nai, Zoct. {«) xiU. 1882, p. 118. 

* iUAOmar, Uenu 1742| p. 467* 
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to Palm^n ^ the divisions of the canal ate separated by changes 
in the direction of certain portions anterior to, and of others 
posterior to, its central and greater part — the stomach — in such 
a manner that the portions with diverted positions act as valves. 
The stomach, in fact, forms in the interior of the body a delicate 
capacious sac ; when movement tends to increase the capacity of 
the body cavity then air enters into the stomachic sac by the 
mouth orifice, but when muscular contractions result in pressure 
oil the sac they close the orifices of its extremities by the valve- 
like structures we have mentioned above ; the result is, that as 
complex movements of the body are made the stomach becomes 
more and more distended by air. It was known even to the old 
naturalists that the dancing may-fly is a sort of balloon, but they 
were hot acquainted with the exact mode of inflation. Palm^n 
says that in addition to the valve-Uke arrangements we have 
described, the .entry to the canal is controlled by a circular muscle, 
with which are connected radiating muscles attached to the walls 
of the head. Palm^n's views are adopted, and to a cert^ extent 
confirmed, by Fritze,^ who haa examined the alimentary of 
the may-fly, and considers that though the normal parts of the 
canal exist, the function is changed in the imago, in which the 
canal serves as a sort of balloon, and aids the fnnction of the 
reproductive organs. The change in the can al takes place in an 
anticipatory manner during the nymph and sub-imago stages. 

The sexual organs of Ephemeridoe are remarkable for their 
simplicity ; they are destitute of the accessory glands and diver- 
ticula that, in some form or other, are present in most other 
Insects. Still more remarkable is the fact that the ducts by 
which they co mmuni cate with the exterior continue as a pair to the 
extremity of the body, and do not, as in other Insects, unite into 
a common duct. Thus in the female there is neither bursa copu- 
latrix, receptaoulum aezninis, nor uterine portion of oviduct, and 
there is no trace of an ovipositor ; the terminations of the ducts 
are placed at the hind margin of the seventh ventral plate, just 
in firont of which they are connected by a fold of the int^- 
ment The ovary oonsists of a very large number of small egg- 
tubes seated on one aide of a sac, which fbnnB their calyx, and 
one of whose extremities is continued backwards as one of the 

* tfhtr vaarige Au^ftAngdnge, •te., Helciiigfon. 1884, p. 

Str. Ou. rnOwg. iv. p. 6 { of. J, B, Mier. Soc, 188», p. 208. 
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pair of oviducts. The male has neither vesiculae seminales, acces> 
sory glands, nor ductus ejaculatorius. The testes are elongate 
sacs, whose extremities are prolonged backwards forming the vasa 
deferentia ; these open separately at the extremity of the body, 
each on a separate intromittent projection of more or less complex 
character, the two organs being, however, connected by means of 
the ninth ventral plate, of which they are, according to Palm^n, 
appendages. We should remark that this authority considers 
Heptagenia to form, to some extent, an except^n as regards the 
structures of the female j while Polymitarcys is in t-be male sex 
strongly aberrant, as the two vasa deferentia, instead of being 
approximately straight, are bent inwards at right angles near 
their extremities so as to meet, and form in the middle a common 
cavity, which then again becomes double to pass into the pair of 
intromittent organs. 

According to the views of Exner and others, the compound 
eyes of Insects are chiefly organs for the perception of movement ; 
if this view be correct, movements such as those made during 
the dances of may-flies may, by the number of the separate eyes, by 
their curved surfaces and innumerable facets, be multiplied and 
correlated in a manner of w’hich our own sense of sight allows 
us to form no conception. We can see on a summer’s evening how 
beautifully and gracefully a crowd of may-flies dance, and we may 
well believe that to the marvellous ocular organs of the flies them- 
selves (Fig. 274) these movements form a veritable ballet We 
have pointed out that by this dancing the peculiarly formed aliment- 
ary canal becomes distended, and may now add that Palm^n and 
Fritze believe that the unique structure of the reproductive organs 
is also correlated with the other anatomical peculiarities, the con- 
tents of the sexual glands being driven along the simple and 
direct ducts by the expansion of the balloon-like stomach. During 
these dances the momentary conjugation of the sexes occurs, 
and immediately thereafter the female, according to Eaton, 
resorts to the waters appropriate for the deposition of her eggs. 
As regards this, Eaton says : ^ “ Some short-lived species disc h arge 
the contents of their ovaries completely en moMe, and the .pair 
of fusiform or subcylindrical egg-clusters laid upon the water 
rapidly disintegrate so as to let the e^s sink broadcast upon 
the river-bed- The less perishable species extrude their eggs 

* Tr, Linn, Soc. 2nd eer. Zool. lit. 1883, p. 11. 
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gradually, part at a time, and deposit them in one or other of 
the following manners: either the mother alights upon the 
water at intervals to wash off the eggs that have issued from 
the mouths of the oviducts during her flight, or else she creeps 
down into the water to lay her eggs upon the under-side of 
stones, disposing them in rounded patches, in a single layer 
evenly spread, and in mutual contiguity.” The eggs are very 
numerous, and it is thought may sometimes remain in the 
water as much as six or seven months before they hatch. 

The number of individuals produced by some kinds of may- 
flies is remarkable. Swarms consisting of millions of individuals 
are occasionally witnessed. D’Albertis observed Palingenia 
papuaiui in countless myriads on the Fly River in New Guinea : 
“ F or miles the surface of the river, from side to side, was white 
with them as they htmg over it on gauzy wings; at certain 
momenta, obeying some mysterious signal, they would rise in 
the air, and then sink down anew like a fall of snow.” He 
further states that the two sexes were in very disproportionate 
numbere, and estimates that there was but a single female to 
every five or six thousand rngl Ai^, 


Ephemerid^ in the perfect state are a favourite food of 
fishes, and it is said that on some waters it is useless for the 
fly-fisher to try any other lure when these flies are swarmine 
Most of the “duns” and “spinners” of the angler are 
Ephemendae ; so are several of the “ drakes,” our large E. danica 
and E vvlgata bemg known as the green drake and the gray drake. 
Ron^ says that the term “ dun ” refera to the pseud-imago 
condition, “ spinner ” to the perfect Insect E. danica and E, 
^gata are perhaps not distinguished by fishers; Eaton says 
that the former is abundant in rapid, cool streams, whUe E 
wigata prefers wanner and more tranquil rivers. 

Th^ ^native creatures are unable to resist the attractions 
of art^oial lighta Reaumur noticed this fact many years ago 
and since the introduction of the electric light, notes may 
^uen% be seen in journals recording that myriads of thew 
Insects have been lured by it to destruction. Their dances may 

fLTS' to take place in peculiar states of light 

and shj^e, m twilight, or where the sinking sun has its light 
rondctad broken by bushes or tr«s; possibly the 

* fly-Fuktft EntomoUigy, 4th 4d. 1S4S, p. 4 ®. 
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are enhanced in efifect by the ocular structures of the Insecta 
It has recently been ascertained that a species of Tdegatiodu 
is itself luminous. Mr. Lewis/ who observed this Insect in 
Ceylon, states that in life the whole of the abdomen was lumin- 
ous, not brightly so, but sufficient to serve as a guide for captur- 
ing the Insect on a dark night It has also b^n recorded that 
the male of C<unis dimidiata gives a faint blue light at night. 

Nearly 300 species of Ephemeridae are known, but this 

may be only a fragment of what 

actually exist, very little being 

known of may-flies of other 

parts of the world than Europe 

and North America. One of the 

more curious forms of the family 

is Oniscigcister wakefiddi ; the 

body of the imago is unusually 

rotund and furnished with lateral 

processes. In Britain we have 

about forty species of may-fly. 

The family is treated as a distinct 

Order by Brauer and Packard, and 

is called Plectoptera by the latter. 

That Insects so fragile, so 

highly organised, with a host of 

powerful enemies, but themselves 

destitute of means of attack or 

Fiq. i%A.—Oni8cig<uier wak^dt. New defence, should contrive to exist 
Zealand. (After M'Lachian.) ^ remarkable; and it 

appears still more unlikely that such delicate In^ts as 
Ephemeridae should leave implanted in the rocks their traces 
in such a manner that they can be recognised; neverth^, 
such is the case, — indeed, the may-fly palaeontological record is 
both rich and remarkable. Several forms are preserved m 
amber. In the Tertiary bed of the old lake at Florissant, Scudder 
has been able to distinguish the remains of no less than 
species ; while in the Jurassic layers of the Secondary epoch, in 
more than one locality, the remains of several other 
have been detected and described. StUl more remarkable m the 
fact that in the Devonian and Carboniferous layers of the 

» P. ent. Soc. London, 1882, p. xiii. 
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Palaeoxoic period, remains are found that appear to be akin to 
our existing Epheraeridae. Palingenia feistmantelii from the 
Carboniferous of Bohemia is actually referred to a still existing 
genus ; it is said to have been of gigantic size for a may-fly. 

The families Megasecopterides, Platypterides, and Stenodicty- 
opterides of the Carboniferous epoch (see p. 343) are all more or 
less closely allied to the Ephemeridae, and in addition to these 
Brongniart has established the family Protephemerides for some 


Insects that he considers to ha\ 
Carboniferous epoch of our existing 
may-flies. These ancient Insects 
differed in having the wings of 
another form from those of exist- 
ing Ephemeridae, and in having 
the hind wings equal in size to 
the front pair. Besides this, these 
Insects had, as shown in Fig. 285, 
prothoracic dorsal appendages ; 
some had also projections from the 
abdominal segments, considered by 
Brongmart to be of the natxire of 
gills. Some doubt must exist as to 
this point, for we find in the imago 
of one of our existing Ephemeridae, 
Oniicigaster wakejiddi, Fig. 284, 
abdominal processes that are not 
gills. 

It is remarkable that may- 
flies, which now form a com- 
paratively unimportant part of 
the Inse ct tribe, should in far 
distant times have been represented 
by so great a variety of allied forms. 
Our fragile, short-lived may-flies 


been the precursors in the 



Pio. 286.— iToMAfeiMitra&onnim'; Car- 
bo&ireroo* of Commontry. (Aft«r 
Broagniart} 





CHAPTER XX 

DEUROFTERA PLANIPENNIA SIALIDAE, ALDER-FLIES, SNAKE-FLIES — 

PANORPIDAE, SCORPION - FLIES HEMEROBUDAE, ANT - LIONS, 

LACEWINOS, ETC. 

7am. vm S i alidae — Alder-fliea and Bnake-fiies. 

Four winga of moderate size, meeting in repose over the hack at 
an angle; the hinder of the two pairs slightlg the smaller; 
the antd area small or nearly absent, not plicate. Nervures 
moderately numerous, transverse veinlets moderately numerous, 
forming irregularly disposed cdls. The metamorphosis is 
great; there is a quiescent pupa. The larva has the mandibles 
formed for "biting, armed with strong teeth. 

The Sialidae, though but a small familj of only some six or 

eight genera, comprise 
a considerable variety of 
forms and two sub- 
families — Sialides and 
Raphidiides. The former 
group has larvae with 
aquatic habits possessed 
of branchiae but no 
spiracles. 

Sialis lutaria is one 
of the commoner British 
Insects firequenting the 
vegetation about the 

banksoftranquilstreams; 

Fio. 288. — ^The alder-fly, SicUu ItUana. Britain. 2S well known tO 

A, With wing- expanded ; B, in profile. anglers, being used by 

them for a bait According to Ronalds it is called the alder or 
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orl-fly, and in Wales the humpback. It is ver 7 unattractive in 
appearance, being of a blackish colour, with wings of a 
yellow-brown tinge, and makes but a poor show when flying. 
The female deposits patches of elongate eggs, placed on end and 

packed together in a very clever manner (Fig. 287). Thesepatches 
of a stone-gray colour, are common objects on rushes 
or stems of grass near water, and it is stated that there may 
be no less than 2000 or 3000 eggs in one of them. Our 
figure gives some idea of the mode in which the eggs arc arranged 



Pio* 287»— PorticQ of m row of eggs of 
SialU lutaria. (After Evens.) 



Pio. luiaria^ 

laiTs. 


and the cunoua narrow process that exists at the end of each, 
^e eggs are said to be eometimea placed at a considerable distance 

m^t Z 1 ‘ hatched they 

■Tan, ® TI, r a suitable pool or 

a^m. The l^ae (Fig. 288) are objecte of very great interest 

or^h“ T 1 to 7 of the hind bod/ t>e^ furn^hed 

in "'hile the last segment ends 

bran\ ^ 1 ,*°“®^''’ "“j^hited process. These fluents are 
branchiae by means of which the Insect obtains air. being as we 
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how many moults they make. The young larva has the head 
disproportionately large and the branchial filaments longer. 
When the growth is completed the larva returns to land, seeks a 
suitable situation in the soil, and after an interval changes to a 
pupa, in which the characters of the perfect Insect are plainly 
visible. Subsequently, without becoming again active, it changes 
to the perfect Insect, and enjoys, for a few days only, an aerial life. 

The anatomy of the larva has been treated by Dufour.' The 
supra-oesophageal ganglion is remarkably small ; nothing is said 
as to the existence of an infra-oesophageal ganglion ; there are 

three thoracic and eight abdominal 
ganglia ; the first pair of these latter 
are nearer together than the others, and 
this is also the case with the last three. 
The alimentary canal in the adult is 
provided with a large paunch attached 
to the crop by a narrow neck,® but 
Dufour could find no trace of this in 
the larva. The structure of the bran- 
chiae has also been described by the 
indefatigable French entomotomist. A 
tracheal tube sends a branch into one 
of the appendages (Fig. 289); the 
branch gives off numerous smaller 
tracheae, which at their extremities 
break up into branchlets close to the 
integument The tracheal tube that 
receives each main branchial trachea, 
, , sends off* from near the point of entry 

of the latter 

of-siaia/utoria, (AfUrDufoar.) distributes its branchlets on tne an 

mentary canal The margina of each 

nected; «, track®* given off appendage are set with swimming naiTB, 

to aiimenury c*n*L ^ branchiae act M or^DS of 

locomotion as well as of respiration, and by their 
former capacity increase the efficiency of their 

The genus Sialie occurs in a few species only, throughout 

1 Ann, SeL IfaL Mrie* 3, I*. Zool. 1848, p. 91, pl- 1- who al»o 

a Newport. JV. iinn. 5oc. «. 1851, pl- 21. Ag- 13- 
doscribcB and figure* the anatomy of S. ftUana, aUte* that 
Linnaea entomologica, ili. 1848, p. 364. 
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whole of the Falaearctic and Nearctic regious, and reappears in 
Chili,* though absent in all the intervening area. Several other 
genera of Insects exhibit the same peculiarity of distribution. 

The genera Corydalis and Chavliodti form a group distinct 
from SialU, and are totally differ- 
ent in appearance, being gigantic 
Insects, sometimes with the man- 
dibles of the male enormously 
elongated (Fig. 290). The species 
of Corydalis are called in North 
America Hellgrammites ; Riley 
has described and figured the 
metamorphosis of C. cornutus} the 
life-history being very similftr to 
that of our little Sialis. A mass 
consisting of two or three thousand 
eggs is formed by the female, and 
the young larva has long fila- 
ments at the sides of the body 
like Sialis. These in the later 
larval life are comparatively shorter, 
but the Insect is then provided 

mth another set of gills in the Fio.290.-c<^«m«««,mO. 
form of spongy masses on the greater portions of the wings 

under-aide of the body. RUey. 

however, considers that these organs serve the pxirpose of attach- 
ment rather than of respiration. The 
larvae are known to the Mississippi 
fishermen as crawlers, and are greatly 
esteemed as bait 

The Raphidiides or snake-flies form 
the second tribe of Sialidaa There are 
only two genera, Baphidia and Inocellxa, 
fto Ml p , pec^ to the Falaearctic and Neaietic 

mnie. Bri^. (Afu^^ti^ regiona The perfect Insects are chiefly 
,, , , remarkable for the elongation of the 

prothorax and back of the head to form a long neck, and for 
the existence in the female of an elongate exaerted ovipositor. 

1 MTaoUmi, BuL JfmtA. Mag. tU. 1870, p. 146. 

* B^. 2nt. Mimuri, ix. 1877, p. 126. 
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The species are rather numerous, and have been recently 
monographed by Albania.' The three or four British species 
of the genus are all rare Insects, and occur only in wooded 
regions. 


The Baphidiides, like the Sialides, have a carnivorous lar\'a, 
which, however, is terrestrial in habits, feeding, it would appear, 
chiefly on Insects that harbour in old timber. The snake^fly 
larvae (Fig. 292) are very ingenious in their manner of escaping, 
which is done by an extremely rapid wriggling backwards. They 

are capable of undergoing very prolonged 



PiQ» 292 . — Baphidia notaia^ 
jftrvA- Kew Forest. 


fasts, and then alter in form a good deal, 
becoming shorter and more shrivelled ; 
Fig. 292 is taken from a specimen that 
had been fasting for several weeks. They 
are excessively voracious, and hunt after 
the fashion of beasts of prey ; their habits 
have been described by Stein,* who states 
that he kept a larva from August to the 
end of May of the following year without 
food ; it then died in a shrivelled-up state. 
The larva of the snake-fly changes to a 
pupa that is remarkably intermediate in 
form between the perfect Insect and the 
larva ; the eyes, legs, wing-pads, and ovi- 
positor being but little different from those 
of the imago, while the general form is 
that of the larva, and the peculiar elonga- 
tion of the neck of the imago is absent 


This pupa differs from that of Siaiis in the important particular 
that before undergoing its final ecdysis it regains its activity and 


is able to run about jut » 

The internal anatomy of Haphidia has been treated by Loew, 
and is of a very remarkable character ; we can here only mention 
that the saUvary glands consist of a pair of extremely elongate 
tubes, that there is a very definite paunch attached as an ap- 
pendage to one side of the crop, and that the most 
character consists of the fact that, according to Loew, four of ^ 
six Malpighian tubes have not a free extremity, being attacnea 

1 Tijdschr. RU. toL xxxIt. 1891. * Arch./. L 1838, p. 316. 

* Linntua entcmol^gict^ iii* p* IMS, S46, pL i. 
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at each end so as to form elongate loops ; the mesenteron is very 
complex in character. 

A considerable number of fossil re- 
mains from both Tertiary and Mesozoic 
strata are referred to Sialidae ; and a 
larval form from the red sandstone 
of Connecticut has been considered by 
Scudder to be a Sialid, and named 
Mormolucoides articulatus, but the cor- 
rectness of this determination is very 
doubtful (Fig. 293). These fossils are, 
however, of special interest as being the 
most ancient Insect larvae yet brought 
to light. A still older fossil, from the Car- 
boniferous strata of IllinoU called Miamia 

bronsoni, is considered by Scudder to have of CobuccUcul (After 
several points of resemblance to Sialidae. 



Scudder.) 


Fam. IX. Panorpidaa — Seorpion-fliei. 

Mead prolonged to form a deflexed leak, provided moUK palpi near 

its apex; wirxgs elongeUe and 
narrow, shining and destitute of 
hair, with numerous, dighUy 
divergent vetns and moderately 
numerous transverse veinlsts (»n 
one genus the wings are tiRianf). 
Larvae provided wi^ legs, and 
usually with numerous prolegs 
like the saw-fiies: hahits car- 
nivorous. 

The xnajonty of the members 
of thia family are very readily 
distinguished by the beak-like 
front of the head, this being 
male. due to enlargement of 

parts of the head itself, and 

of 

rmrf ^entirely by the clypeus, the labrum being eeareely 

2 a 



Flo. tH.^Panofpm 

Cambridge. 
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visible, though it may be detected at the sides of the tip of the 
beak ; the sutuies between the various parts of the head axe 
nearly or quite obliterated, but it is probable that the aides of 
the beak are formed by the genae and by the stipites of the 
maxillae, and its under-surface chiefly by the submentnin ; the 
mentum itself is but small, the ligula is arnall^ bifid at the ex- 
tremity, and each branch bears a two -jointed palpus, the 
basal article being of very peculiar structure in PanorjKu The 
mandibles are but small, and are placed at the apex of the beak ; 
they have each the form of an oblong plate armed with two 
very sharp teeth, and they cross freely. The mn-rillai* are the 
only parts of the mouth-pieces that are very elongated ; each 
cardo is articulated at the base of the head, and the stipes extends 
all the length of the side of the beak ; each TnaTilla bears a five- 
jointed palpus and two small but very densely ciliated lobes. 
The antennae are long, very slender, and flexible, and are many- 
jointed ; they are inserted between the eyes in large foramina ; 
there are three ocelli, or none, and the compoimd eyes are 
moderately large. The prothorax is wrnall, its notum is quite 
small or moderate in size, and the prothoracic stigma is placed 
behind it ; the side-pieces are small, and there is no chitinous pro- 
sternum except a Bmall longitudinal strip placed in the mem- 
brane between the coxae ; these latter are of only moderate size, 
and are free and dependent. The meso- and meta-thorax are 
large, their side-pieces are of considerable dimensions and bear 
large, dependent coxae and supporting-pieces (Fig. 58) ; there is a 
stigma placed between the meso- and meta-thorax at the hind 
margin of the upper part of the meso- trochan tin ; both meso- and 
meta-notum are transversely divided. The abdomen is elongate, 
slender, conico-cylindrical, consisting of nine segments ; the basal 
segment is membranous and concealed ; the terminal appendages 
are of variable nature according to the species and sex. The l^s 
are elongate and slender, the tarsi five-jointed The internal 
anatomy of Pariorpa communis has been examin ed by Dufour 
and Loew.* They agree in describing the alimentary canal as 
being of peculiar structure : there is a short, slender oesophagus 
leading to an organ in which there is seated a remarkable 
arrangement of elongate hairs; this structure might be looked 
on as the proventriculus, but Loew considers it to be rather a 
* Mem. Ae. ScL Urang. TU. 1841, p. 682. * Linyuua adorn, iii. 1848, p. 868. 
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division of the true stomach. The particulars given by these 
two anatomists as to some other parts of the internal anatomy 
are very discrepant. 

The Fanorpidae form a small family of only nine or ten genera, 
two or three of these being exotic and only imperfectly known ; 
the three genera foxmd in Europe are composed of very curious 
Insects. The 6(»rpion-flie8 — Panorpa proper — are very common 
Insects, and have received their vernacular name from the fact 


that the males have the terminal s^ments elongate and slender 
and very mobile, and carry them curved up somewhat after the 
fashion of the scorpions (Fig. 294). It is said that Aristotle was 
acquainted with these Insects, and considered them to be really 
winged scorpions. 

A second European genus, Boreu», is still more peculiar ; it is 
destitute of wings, and has the appearance of a minute wingless 
grasshopper ; it is found 


from late autumn to early 
spring in moss and under 
stones, andissaid to be some* 
times found disporting itself 
on the surface of the snow ; 
the female of this Insect 
has an exserted ovipositor. 
The writer has found this 



Pia296.— £omi«AMfia/w^feiD*le. I>ainfri«Mhlre. 


little creature in Scotland among moss in November, and under 
stones early in March (Fig. 295). The third European genus. 
BxUmw. do^ not occur in our islands, but is common on many parts 
of the Continent ; the perfect Insect has a great resemblance to a 
Tipvla, or “daddy-long-legs" fly, and attaches itself to the stems 
of gr^, ^d pre^ on flies ; according to Brauer it has the 
peculiar habit of using the hind pair of legs as hands (Fig. 296) 
instead of the front pair, as is usual in Insects. This remark- 
able genus is widely distributed, and species of it are found even 

in the Antipodes. A species inhabiting caves has been mentioned 
by M'Lachlan.' 


The early stages of the Fanorpidae were for long unknown but 
^ve recently been discovered by Brauer : he obtained eggs of Pa^orva 
by coi^ning a number of the perfect flies in a vessel containi^ 
some damp earth on which was place^ a piece of meat; when 

> Month. Mag. 1694, p. 89. 
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the young larvae were hatched they. buried themselves in the earth 
and nourished themselves with the meat or its juices. These 
larvae (Fig. 297) bear a great resemblance to those of the Hymenop- 
terous family Tenthredinidae ; they have biting mandibles and 
palp-bearing maxillae, and show no approach to the peculiar 
mouth structure found in the Hemerobiidae; there are three pairs 
of feet placed on the three thoracic segments, and there is also a 
pair of less perfect feet on each of the first eight abdominal 
segments, those behind being the larger. The upper surface of 



7ia. 296. — BiitacuM iipulariuM holding 
a tiy in iU hind Austria. 

(After Braoer.) 


Pia 297. —Young larra of 
Panarpa cowmunu* 
(After Brauer.} 


the body bears spines, which, however, disappear after the first 
change of skin, with the exception of the larger processes on the 
posterior segment, which persist throughout the life of the larva. 
The larvae are active for about one month j after this they become 
quiescent, but do not change to the pupa state for several weeks ; 
when this happens they change in form and cannot creep, although 
their limbs are not enclosed in any pupa case. Brauer also dis- 
covered larvae of Panorpa communis at large in numbers in an 
old tree stump that was quite covered with moss, and contained 
many ants in the mouldering wood. The ants appeared to 1^ on 
friendly terms with the Panorpa larvae. The earlier stages of 
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Boreus and Bittacus were also observed by Brauer ; they are 
essentially similar to those of Baruyrpa, but the larva in Boreus is 
not provided with abdominal prolegs. The Panorpidae have 
been separated hrom the other Keuroptera by certain naturalists 
as a distinct Order, called Panorpatae by Brauer, Mecaptera by 
Packard; but in their structure as well as in their metamorphoses 
they are not so distinct from the Phryganeidae and the Hemero* 
biidae as to justify this step. 

Fossil forms of Bittacus and of Panorpa have been found in 
amber and in the Tertiary strata, and Scudder has described some 
forms from Florissant in which there are no cross-veinlets in the 
wings. Some remains &om the English Lias have been referred 
to Panorpidae by Westwood under the name Orthophlehia, but it 
is by no means certain that they really belong to the family. 

Fam. X. Hemerobiidae — Ant-lions, Lac6wiiigf*flieB» etc. 

Head vertical ; maxillae free, vnthfive-joirUed palpi ; labial palpi 
three-jointed. Wings suhequal in size, toith much reticula- 
tion, vyithout anal area. Tarsi five-jointed. Metamorphosis 
great ; the larvae unth mandibles and maxillae coadapted to 
form spear-like organs that are suctorial in function. Pupa, 
similar in general form to the imago, enclosed in a cocoon. 



Fio. 298.— Dnpaiupieryx phaiamoidis. SootUnd. 


The Hemerobiidae are an extremely varied assemblage of 
Neuroptera ; the perfect Insects of the various sub-families are 
very different in appearance, but the family as a whole is 
naturally defined by the very peculiar stmoture of the mouth- 
organs of the larvae. These Insects have, in foot, a suctorial 
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mouth in their early life, and one of the ordinaiy biting type in 
adult life. 

This is a veiy unusual condition, being the reverse of what 
we find in I^pidoptera and some other of the large Orders, 
where the mouth is mandibulate in the young and suctorial in 
the adult. The suctorial cbndition is in Hemerobiidae chiefly 
due to modification of the mandibles ; but this is never the case 
in the Insects that have a suctorial month in the imaginal 
ins ta r . Nearly all the Hemerobiidae are terrestrial Insects in all 
their stages j a small number of them are, to a certain extent, 
amphibious in the larval life, while one or two genera 
truly aquatic larvae. The metamorphosia is, so far as the 
changes of external form are concerned, quite complete. There 
are no wingless forms in the adult stage. 

The classification given by Hagen * and generally adopted 
recognises seven sub*families. These we shall mention seriatim. 


Sub-Fam. 1. Mynneleonides or Ant-lioiu. — Antennae short, 
etubbed, the apical space of the wing with regular, oblong 
cellules. 



The ant-lions in their perfect state are usually unattractive 
Insects, and many are nocturnal in their habits ; the species of the 
genus Palparet and allies (Fig. 299) are, however, of more handsome 
appearance, and attain a large expanse of wing. No member of the 
sub-family is an inhabitant of Britain, though species of the typical 
^nuaMyrmeleon are common in Central and Northern Europe. The 

^ SteUim. emL Ztii. xzrn. 18M, pu 3S9 ; thia author lias abo Bkctcbed a cl a rdfi - 
cadoD of the larrae in P. Bcdam Soc. xr. 1873, p. SIX 
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remarkable habits of their larvae attracted the attention of natur- 
alists so long ago as two hundred years. We owe to R4aum\ir an 
accurate and interesting account of M. f</nn.iccLriu6, the species 
found in the neighbourhood of Faria The larvae are predaceous, 
and secure their prey by means of pitfalls they excavate in the 
earth, and at the bottom of which they bury themselves, leaving 
only their elongate jaws projecting out of the sand at the bottom 
of the pit. They move only backwards, and in forming their pit 
use their broad body as a plough, and throw out the sand by 
placing it on the head and then sending it to a distance with a 
sudden jerk. When about to construct its trap the larva does 
not commence at the centre, but makes first a circular groove of 
the full circumference of the future pit. Burying its abdomen 
in the surface of the earth, the Insect collects on to its head, by 
means of the front leg, the sand from the side which is nearest to the 
centre, and then jerks the sand to a distance. By making a second 
circuit within the first one, and then another, the soil is gradu- 
ally removed, and a conical pit is formed, at the bottom of which 
the ant-lion lurks, burying its body but leaving its foimidable 
mandibles widely extended and projecting from the sand. In this 
position the young ant-lion waits patiently till some wandering 
Insect trespasses on its domaina An ant or fiy coming over the 
edge of the pitfall finds the sand of the sloping sides yieldiiig beneath 
its body, and in its effort to secure itself probably dialoc^es some 
more of the sand, which, descending to the Attorn of the pit, brings 
the lurking lion into activity. Availing himaalf of Mu power of 
throwing sand with his head, the ant-lion jerks some in the 
neighbourhood of the trespasser, and continues to do so until the 
victim is brought to the bottom of the pit and into the very jaws 
of its destroyer ; then there is no further hope of escape ; the 
mandibles dose, empale their prey, and do not relax their hold 
till the body of the victim is exhausted of its juioee. The position 
chosen is in a place that will keep dry, os the larva cannot carry 
on its operations when the sand is wet or damp, hence the soil at 
the base of a high wall or a rock frequenUy harbours these 
Ins e c ts. The parts of the mouth of the are perfectly 

adapted for enabling it to empty the victim without for a 
moment relaxing its hold- There is no mouth-orifioe of the 
usual character, and the contents of the viotim are brought 
into the buccal cavity by means of a groove Aln^ g 
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the under side of each mandible; in this groove the elongate 

and slender lobe that replaces the maxilla 
— there being no maxillary palpi — 
plays backwards and forwards, probably 
raking or dragging backwards to the 
buccal cavity at each movement a small 
(quantity of the contents of the empaled 
victim. The small lower lip is peculiar, 
consisting in greater part of the two lobes 
that support the labial palpL The pharynx 
is provided with a complex set of muscles, 
and, together with the buccal cavity, func- 
tions as an instrument of suction. After the 
prey has been sucked dry the carcass is 
jerked away to a distance. When the 
ant-lion larva is full grown it forms a 
globular cocoon by fastening together 
grains of sand with fine silk from a 
slender spinneret placed at the posterior 
extremity of the body ; in this cocoon it 
Flo. 300. — Larva of iiyrnu- chancres to an imatro of very elongate 

ItonpaUidxpcnnxt. (AfUr /. j j 

Meinert) form, and does not emerge until its meta- 

morphosis is quite completed, the skin of the 
pupa being, when the Insect emerges, left behind in the cocoon. 
The names by which the European ant-lion has been known are 
very numerous. It was called Formicajo and Formicario by Vallis- 
neri about two hundred years ago ; B^aumur called it Formica-leo, 
and this was adopted by some modem authors as a generic name 
for some other of the ant-lions. The French people call these 
Insects Fourmilions, of which ant-lion is our English equivalent. 
The Latinised form of the term ant-lion, Formicaleo, is not now 
applied to the common ant-lion as a generic term, it having been 
proposed to replace it by Myrmeeoleon, Myrmelto, or Myrm.eleon; 
this latter name at present seems likely to become generally 
adopted. There are several species of the genus found in Europe, 
and their trivial names have been confounded by various authors 
in such a way as to make it quite uncertain, without reference to 
a synonymic list, what species is intended by any particular writer. 
The species found in the neighbourhood of Paris, and to which it 
may be presumed Beaumur's history refers, is now called Myrtne- 
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Uon formtcarium by Hagen and others ; M‘Lachlan renamed it 
M. europaeus, but now considers it to be the M. nostras of 


Fourcroy. The popular name appears to be due to the fact that 
ants — Formica in I^tin, Fourmi in French — form a large part of 
the victims ; while lion — the other part of the name — is doubt- 
less due to its prowess as a destroyer of animal life, though, as 
Reaumur long ago remarked, it is a mistake to apply the term 
lion to an Insect that captures its prey by strategy and by 
snares rather than by rapidity and strength. The imago of 
Myrmtlton is of shy disposition, and is rarely seen even in 
localities where the larva is abundant. It is of nocturnal habits, 
and is considered by Hufour to be carnivorous. 


Considerable difterence of opinion has existed as to the structure 
of the mouth and of the alimentary canal in these larvae, Reaumur 
was of opinion that there exists no posterior orifice to the alimentary 
canal, but Dufoux ridiculed this idea, and stated positively that 
such an orifice undoubtedly exists. It is also usually said that 
the mouth is closed by a membrane. Meinert has recently exam- 
ined these points,' and he states that the mouth is not closed by 
any membrane, but is merely compressed. He finds that there is 
no Interior exit from the stomach ; that there is a compact mass 
mthout any cavity between the stomach and the point where the 

““““ intestine. The portions 
of aliment that are not assimilated by the larva coUect^ the 

and are exp^ as a mass, but only after the Inseet has 
berome an ^go. This peculiar excrementitions mass consists 
exter^Uy of uric acid, and from its form and appearenre h^^n 

eoUed Xere ~ «n<i is 

a^t^y 3 ta^cT “Iti-aSS; 

“w ooay seatea on a coecum. ThesA «iv tbraiw,: v , » ^ 
are oonsideied to be nartiallv if Malpighian tubes 

tion of silk for formincr th« ^tirely , organs for the secie- ' 

and is surrounded by a .heath. A complex se“of m^sTc^! 

* 09. Jiansie StUk. 188», p. 49 , 
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pletes this remarkable spinning apparatus. The alimentaiy 

canal of the imago has been described and 
figured by Dufour*; it is very different 
from that of the larva. 

The ant-lion is capable of sustaining 
prolonged fasts. Dufour kept specimens for 
six months without any food. These In- 
sects are said to give off a peculiar ant-like 
odour, due, it is thought, to their ant- 
eating habits. Although no species in- 
habits Great Britain, yet one is found in 
Southern Sweden. Introduced specimens 
get on very well in confinement in our 
country,* and would probably flourish at 
large for some years if they were liber- 
ated. 

Although the number of known species 
and genera of Myrmeleonides is consider- 
able — that of the species being now 
upwards of 300 — the members of the 
small genus Myrmeleon are the only forms 
that are known to make pits of the kind 
we have described. Other larvae* are 
known wimilftT in general form to the 

Pro. 301.— Upper ospect of common ant-lion, but they walk forwards 
head and alimentary can^ normal manner, and apparently 

stomach ; c, free eztremi' hunt theiT prey by lurking in a maaen 
ti« of two Malpighian ^ chance occurs, rush- 

tubes ; c', ternunAl common r' * ^ 

portion of other six tabes ; ing on the Victim With rapioitye urduer 
d, coeernn ; e, j hag observed this habit in the case of 

/,/, mascleafoT protrading ^ of 

ita sheath ; g, g, maxillary Dendvolton jpwtUhvrxnut in the xTOter at 

glands. (After Meinert.) yignna. 

The most remarkable forms of Myrineleonides ore contained 
in the genus Palpares. We figure Tomateres cUrinut (Fig. 299), 
an allied genus found in Eastern Africa as far south as Not^ 
These Insects have conspicuous blotches and marks on their 
wings. The species of Myrmeleon are Hiinilar in form, but are 
smaller, more feeble, and less ornate in appea r ance. 

' Ann. Sei. Urang. viL 1834, pL 12. * M'Uchlan, EnL Month. Mag. iL 1885, p. 7** 

» Rodtonbachar, Denk. Ah. JFion, xMU. 1884, p. 386. 
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Pitfalls, formed in all probability by ant-lions, have been 
noticed in the Galapagos islands and in Patagonia, though none 
of the Insects forming them have been found. 


Sub^Pam. 2. Aflcalaphides . — ATiUnnae elongate, toith a knob at 
the tip ; the apical area of the xoing with irregular eellvZes. 



fia. 802 . — AecatafiMU eoea^H*. Eact PTruieea. 


The sub-family Ascalaphides is not represented by any species 
in Britain, thoi^h Aeealaphus lorxgicomie occurs as far north as 
Paris. In the mountainoxis regions of Central and Southern 
Europe some species of the group form a conspicuous part of the 
Insect fauna, owing to their bold and active flight ; they are pre- 
daceous in their habits, and fly about in a hawking fashion some- 
what like that of dragon-flies. Some of the larger of the numerous 
exotic species of the group are very like dragon-flies, but be 
distinguished by a glance at the elongate antennae with a knob 
at the end. The sub-family consists of two groups — ^Holophthalmi 
and SchizophthalmL M'Lachlan says * : " The eyes in the Schir- 
ophthalmous division are really double, the upper portion over- 
lappi^ the under ; if the upper portion be separated the lower 
division looks like a small spherical ordinary eye,” There 
appears, however, to be considerable diflerenoee in the genera in 
this respect. 

* J. lAnn. Soe. Loot xL 1873, p. 227. 
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When the weather is wet or cold the Ascalaphi repose on the 
steins of grass, with their wings placed in a roof-like manner, wit h 
the head downwards, and are then very successful in concealing 
themselves by the positions they assume, and by sidling round 
the steins to escape from enemies. Some information as to their 
metamorphosis has been obtained, though knowledge of this point 
is far from complete even as regards our European species of the 
typical genus Ascalaphxts. For a long time it was supposed that a 
larva mentioned by Bonnet in his writings was that ot Aacalaphu*, 

but Brauer ^ is of opinion that such is not 
the case, and as he has described the meta- 
morph(»es of A. maearonitis he is no doubt 
correct. The eggs (Fig. 303, A), forty or 
fifty in number, are laid in two parallel rows 
on the stems of grass. The larvae (Fig. 304, 
larva of Sdicomitus t) are in general appear- 
ance somewhat like those of Myrmeleon ; 
they are carnivorous in their habits, like 
the ant-lions, and have similar extraordi- 
narily developed mandibles. Efforts to rear 
the young larvae failed, but ' they were 

kept alive for some time by supplying them 
with Aphidides found on Centaureajacea. The 
cocoon is globular, and the change from the 
B, Sketch of nymph state to the imago is made in the 
of^ cocoon, the structure of the mandibles of the 

c, out- nuDa beinc neculiar. and specially adapted to 

lioe of oatanl cUe. ® • ,.1. t 

(After Wert wood.) the purpose of Opening the cocoon. The larvae 

of Ascalaphides, although so like the ant-lions 

in appearance, do not form pitfalls for the capture of their 

prey, but lurk under leaves on the ground, or under stones; 

they do not move backwards, but progress forwards in an 

ordinary manner ; the habit of backv^rd movement that we 

noticed in Myrmeleon being probably correlative with the habit 

of forming pitfalls. Hagen states * that the larvae of Ascalaphides 

and Myrmeleonides, in addition to their peculiarities of form and 

mandibular structure, are distinguished from those of other 

Hemerobiidae by the bind legs having the tibia and tarsus united 

> Verh. zool-bU. Oes. Wien, iv. 1854, p. 471. * Weftwood, le. p. 12- 

* P. Boston Soe. xv. 1878, p. 244. 



Fia SOS. — A. of 

Asealaphus macar^ 
niiu. 
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without articulation. Westwood ' has recently given an account 
of the young larvae of a Ceylonese A seal aphid of doubtful 
species, but possibly Sdicomitits 
insimulana; these were observed by Mr. 

Staniforth Green to have the very 
peculiar habit of sitting together in 
a long row on the stem of a plant, 
with the jaws widely extended and the 
body of each one covered by the head of 
the individual next it (Fig. 303, B). The 
little creatures waited patiently in this 
position until a fly walked between the 
mandibles of one of them, then these 
formidable weapons immediately closed, 
and did not relax their hold until the 
fly was sucked dry. If Westwood is 
correct, the young larva of this species 
differs much from the adult one, the 
back of the head being broad and the 
setigerous processes of the body very yia 804 .— Lwra of 
much more developed. Nearly thirty CAfiorW««t- 

genera of Ascalaphides are known.* In 

the genus JSaplogeniut we flud an exception to the usual rule 
that the wings in repose are held in a roof-like manner, it having 
been noticed by Bates that in the species in question the wings 
are held expanded as in the dragon-fliea 

Guilding has described* a very peculiar mode of oviposition 
on the part of XJlitla macleayana in the island of St. Vincent ; 
the eggs are said to be deposited by the female in circles on the 
extremity of a twig, and nearer the base of this there 'is placed a 
kind of barrier to repel intruders. " The female may be seen 
expelling from her ovary these natural barriers with as much 
care as her real eggs.” Guilding's deecriptiou was accompanied 
by drawings of the ^gs, barriers and la^ae, but unfortunately 
these were never published, and no further information has hA^n 
obtained on the subject. Hagen * suggests that the barriers may 



* Tr. Sntqm. So^ London, 1868, p. 1, pla. 1, 2. 

* Ct ll*L4ehUD, J. Linns Soc. Zool. ii, 1878, p. 219. 

* Tr. Linn. Soe. xir. 1826, p, 140, and xr. 1827, p. 609. 

* P..Sotton Soc. XT. 1878, p. .246. 
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be somewhat similar to the long stalks on which the of 
Chrysopa (Fig. 314) are placed. 

Sub-Fam. 3. Nemopterides. — Head more or leas produced and 
heak-like. Hind toings of pecvliar form, being elongate and 
somewhat strapdike. 


The Nemopterides are a small group of delicate, graceful Insects. 



^a. V». — Nemovt^a Udertri. AjU Minor. Pio. 306. — Ptwumod 

(Allv Selys.) A, The imego ; B. iU heed {NeercpkUus arenanut). After Roux. Pyre- 

mm ftom in front and magnified. ®87P^ 


About thirty species are known. Knowledge of the group is 
still very imperfect. A larva has been found of a most remarkable 
nature that probably belongs to it ; it was described under the 
name of Necrophilus arenarius, and considered to be a fully- 
developed Insect. This larva occurs in the tombs and pyramids 
of Egypt where sand has accumulated. The perfect Insects of 
the genus Hemoptera are, however, found in open places amongst 
bushes, and flit about in a very graceful manner. Several species 
are found in Southern Europe and the Mediterranean region 
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(Fig. 305, JVI ledererx), but none come so far north as Central 
Surope. Formerly the genus Nemoptera was considered to be 
allied to Panorpa on account of the beak-like front of the head. 
The parts of the mouth are, however, different from those of 
PaTwrpa, and it seems more probable that if the Nemopterides 
have to be merged in any of the divisions of Hemerobiidae, 
they will be placed in Chiysopides or Osmylides. The species 
of the sub-family were for a long time believed to be peculiar to 
the continental regions of the Old World, but a species has 
recently been discovered in Northern Chili.* 


Sub-Fam, 4 Blantiapidea.— elongate; the raptorial 

front legs inserted at its anterior part. 

The members of this small group are readily recognised by the 

p^uhar structure of the front legs ; these organs resembling those 
of the Orthopterous 

family Mantidae, so that 
the earlier systematic en- 
tomologists, deceived by 
this resemblance, placed 
the Mantispides in the 
Order referred to. 

The Mantispides 
possess four membran- 
ous wings, either sub- 
equal in size or the 
posterior pair smaller 
than the frmnt pair and 
not folded ; the veins of 

these wings are rather 

eZZT ‘"“y ‘■o™: “ oonaiderable differ- 

™P«t,o™g to the tiensveiee 
f “boDdanoe. The antennae are short.^ 

^ the f ’ P»rt of ‘be thoiax 

MfladUan, Tr. M Soc. Zouton, 1885, p 876. 



Fia. 807. — . 


. areotarig. Bndl. (After 
Weetwood.) 
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a small appendage. Onlj a few species of Mantitpa are found in 

Southern Europe ; but the group has representatives in most of 

the warmer regions of the world, and will probably prove to be 

rather numerous in species. The front legs are used for the 

capture of prey in the same way as the somewhat similar front 

legs of the Mantidae. The transformations have been observed 

b}- Brauer * in the case of one of the European species, M. styriaea. 

The eggs are numerous but very small, and are deposited in such 

a manner that each is borne by a long slender stalk, as in the 

lacewing flies. The larvae 

are hatched in autumn ; 

they then hibernate and go 

for about seven months 

before they take any food. 

In the spring, when the 

spiders of the genus Lycosa 

have formed their bags of 

eggs, the minute Mantispa 

larvae (Fig. 308, A) find 

them out, tear a hole in the 

bag. and enter among the 

eggs ; here they wait until 

the eggs have attained n 

fitting stage of development 

^ ^ _ , before they commence to 

Flo. 308. — ifaniupo tiyriaea^ A, Lam newly ^ ^ j 

hatched, or first form ; mature larfo. (After f66<L Blttuer lounfl liiMl 

Brauer.) ^te the spidcTs when 

these were quite young, and then changed their skin for the 
second time, the first moult having taken place when they 
were hatched from the egg. At this second moult the larva 
undergoes a considerable change pf form ; it becomes unfit for 
locomotion, and the head loses the comparatively laige size and 
high development it previously possessed. The Ma^Upa l^a 
— only one of which flourishes in one egg-bog of a spider under- 
goes this change in the midst of a mass of dead young spi ers 
it has gathered together in a peoidiar manner. It under^ 
no further change of skin, and is full fed in a few ^ys ; 
which it spins & cocoon in the interior of the egg-hag ^ ^ ^ 
spider, and changes to a nymph inside its larva -skm. 

> Ferh. zooL-M. Ott. WUn^ xix. 1889, p. 831. 
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Finally the nymph breaks throiigh the barriers — larva-skin, 
cocoon, and egg-bag of the spider — by which it is enclosed, 
and after creeping about for a little, appears in its final 
form as a perfect Mdntispa, Thus in this Insect hypermeta- 
morphosis occurs; the larval life consisting of two different instars, 
one of which is specially adapted for obtaining access to the 
creature it is to prey on. It should be notioed that though this 
Insect is so destructive to the young spiders, the mother spider 
shows no hostility to it, but allows the destroying larva to enter 
her bag of eggs without any opposition ; she appears, indeed, to 
be so unconscious of the havoc that is going on amongst her 
young that in one case she continued to watch over and protect 
the eg^-bag in which the destruction was taking place during 
the whole of the period of the larval development and half the 
period of pupation of the Mantispa. 

The larval history of a second species of the Mantispides, 

Symphrasis varia, is partially known ; ^ this Insect lives parasiti- 

cally in the nests of a South American wasp, and each larva 

when full fed spins a cocoon in one of the cells of the Hymen- 
opteron. 


Sub-Fam. 6. Hemerobudes, — Wings in repose forming an 
angular roof over the body; the antennae moniliform or 
pectinate, not elavate. 

The Hemerobudes consist of several minor groups about 

whose number and characters systematists are not very well 

agreed, and about some of which very little is known. We 

merely mention the latter, giving details as to some of the better 
known only. 

w * small group found chiefly in the Old 

World, where, however, they have a wide distribution. North 
and South America have each one species. They are distinguished 
by their antennae, which, in the male, are pectinate somewhat like 
^ of many ^pidoptera, this character being of extremely rare 
occunenoe in the Neuroptera ; the abdomen of the female tenni- 
nat^ in a long ovipositor. The metamorphoses are not known. 

1 ’A * AustraUan Insects resembling Myrme- 

liaving antennae without club. MetamMphoaes not 

' Bnaer, Zoct. Atu. x. 1887, pp. 812 and 218. 
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3. Osmylina: a group of delicate and eluant Insects of 
small or moderate size, distinguished by the possession of three 
simple eyes placed on the middle of the he^ Just above the 
antennae. A species of this group, Osmylua ehryzops (macidatu$ 

of some authors), is an inhabitant 
of Britain (Fig. 212); its larva is 
to some extent amphibioua The 
metamorphoses have been ob- 
served by Dufour, Brauer, and 
Hagen ; ^ it lurks under stones in 
or close to the water, or in moss, 
or on the stems of aquatic plants, 
and pierces and empties small 
Insects with its sucking^spears, 
which are very elongate. The 
young are hatched from the egg 
in the autumn and hibernate 
before becoming full grown ; 
when this moment arrives the 
larva spins a round cocoon of 
ailk mixed with sand. The pupa, 
B, side view of bead of Um (after oT nymph, iu general appearance 
Brauer); C. pupa (after Hspm). gomewhat resembles the perfect 

Insect, except that it is shorter and has the short wing-pads 
clinging close to the body. Dufour denied the existence of 
abdominal spiracles in either larva or imago, but, according to 
Hagen, they are certainly present in both. It would appear 
that in the larva the alimentary canal is not op^ beyond the 
chylific ventricle, and that its terminal section is modified to 
form a spinning apparatus. 

Osmylus and its allies, including Sisyra, are now frequently 
treated as a separate sub-femily. Oamylides, equivalent to the 
Chrysopidea. In it is placed a very anomalous In^t — Psecira 
ditpar — of great rarity. The male has only two wings, the pw- 
terior pair being the merest rudiments, though the female ® 

four wings normally developed. Individuals of the male have been 
found * in widely separated localities in the Palaearctic r^on 
Somersetshire being one of them — and also in North Amenca. 

» Linnato. entomolcguxi, Tii. 1852, p. 888, with pl»^ 

• See AlbutU in Tij^Mkr. EnL xriL 1874, p. xn. 
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The genus Sisyra forms for some Neuroptezists the type of a 
separate group called Sisyrina, though by others it is placed, as 
we have said, with the Osmylina, though 
it is destitute of ocelli. The larvae of at 
least one speciesof this genusareaquatic, 
and havebeenfound in abundance living 
in SpongUla {Ephydatia) ftuviatilis, a 
firesh-water sponge ; when discovered 
their nature was not at first recognised, 
as they possess on each ventral segment 
a pair of articulated appendages, look- 
ing like 1^8, but which are considered 
to be more of the nature of gills. The 
sucking-spears of this Insect are so 
long and slender as to look like hairs ; 
whether the little animal draws its 
nutriment from the sponge, or merely 
uses this latter as a place of shelter, 
is not ascertained. 

4. Hemerobiina : a somewhat num- 
erous group of small or more rarely ^ of 

moderate-sized Insects, with moniliform ' (LS 

anteimae, no ocelli, a complex and Wertwood.) 

comp^tively regular system of wing-nervures ; the veirdets are 
eepeciaUy numerous at the margins, owing to the mode of forking 





of 

ip. fttw 
Keot, At ThB 

It ths orae, 

pntiidlj coaoeded 
hj Uie itxnMiMiM of 
its TkrttiDSb sto. ; a 
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^ the neno^ there (Fig. 298, J>r^n^teryx vhala^noideaX 
The larvae of most of the species of which the habits are known 
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live on Aphides, which they suck dry, and at least one species, 
in all probability several, has the habit of covering itself with 
the skins of the victims it has sucked ; to these remains it adds 
other small debris, and the whole mass completely covers and 
conceals the Insect (Fig. 311, B). The larva is furnished at 
the sides with projections which serve as pedicels to elongate 
divergent hairs, and these help to keep the maM in place on 
the back of the Insect ; some fine threads are distributed through 
this curious mantle and serve to keep it from disintegration, but 
whether they are fragments of spiders’ webs or are spun by the 
Insect itself is not quite clear. 

The genus Drepanepteryx consists of several species, and 
appears to be best represented in the Antipodes ; we have, how- 
ever, one species in Britain — D. phalae- 
noides (Fig. 298) — an extremely interest- 
ing member of our fauna. This Insect 
has, like several of its congeners, a 
moth -like appearance, and it has a 
peculiar structure for bringing the hind 
and fore ^vings into correlation, the costa 
at the base of the hind wing being 
interrupted and prominent, furnished 
with setae (Fig. 312, A), and playing in a 
cavity on the imder-surface of the front 
wing. This character is of great interest 
S in connexion with analogous structirres 
of a more perfect nature existing in various 
moths. M'Lachlan has described and 




Fio. 812. — Portioos of winp of figured ' a more primitive, though analo- 

gous, condition of the winge in Megcdomvs 
of the two wingi ; a, b«e Jiirtus, also a species of British Hemero- 

biina. Another very curione feature of i>. 
wing, showing the app&rent phalaenoides is shown in Fig. 3 1 2 , B, there 
interruption of nervures. ^ naiTow space on the hind part of 

the front wing from which the colour is absent, while the nervurra 
appear to be interrupted ; they are, however, really pr^nt, though 
transparent ; the nature of this peculiar mark is quite unknotvn, 
but is of considerable interest in connexion with the small trans- 
parent spaces that exist on the wings of some butterflies. 


* IV. ent. Soe. london, 1868. p. 189. 
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Sub-FanL 6. Ohrysopides, Lacewin^-flies . — Fragile Injects vnth 

elongate, setaceous antennae. 


The lacewing-flies — also called stink-flies and golden-eyes — are 
excessively delicate Insects, of which we possess about 15, species 
in Britain. Their 
antennae are more 
slender and less dis- 
tinctly jointed than 
they are in Hemero- 
biides, and the Chry- 
sopides are more 
elongate Insects. The 
peculiar metallic 
colour of their eyes 
is frequently very 
conspicuous, the eyes 
looking, indeed; as if .CWry«5>a/lot«. Cambridge. 

they were composed of shining metal ; this fades very much after 




«8.— Larra of ap. CambrWw. 

*8S» more A, The IiiKCt * B. 

(Atter Sphneidar.) ; O. of“S 

claw% magnified. 

death. Although not very frequently noticed, the Chrysopides 
are reaUy common Insects, and are of conaideraUe importance 
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owing to their keeping “ greenfly ” in check. The eggs are very 
remarkable objects (Fig. 314), each one being supported at the 
top of a stalk many times as long as itself; in some species 
(C. asper&a) the eggs are laid in groups, those of each group 
being supported on a common stalk. The larvae (Fig. 315) are 
of a very voracious disposition, and destroy large quantities of 
plant-lice by piercing them with sucking-spears, the bodies of 
the victims being afterwards quickly exhaust^ of their contents 
by the action of the apparatus connected with the spears. The 
larvae of two or three species of Chrysopa cover themselves with 
the skins of their victims after the manner of the larvae of 
Hemerohiua ; but most of the larvae of Chrysopa are imclothed, and 
hunt their victims after the fashion of the larvae of Coccinellidae, to 
which these Chrysopa larvae bear a considerable general resemblance. 
These larvae have a remarkable structure at the extremity of their 

feet, but its use is quite un- 
known (Fig. 315, B, C). 
Some larvae of the genus 
make use of various sub- 
stances as a means of dis- 
guise or protection. Dewitz 
noticed^ thatsomespecimens 
be denuded of their clothing 
and placed in a glass, seized 
small pieces of paper with 
their mandibles and, bend- 
ing the head, placed the 
morsels on their backs ; 
here the pieces remained in 
consequence of the exist- 
ence of hooked hairs on 
the ulrin. Green algae 
or cryptogams are much 
used for clothing, and 
Dewitz supposes that the 
Insect ^ins them together 
with webs to facilitate their retention. According to Constant 
and Lucas ® the larvae of Chrysopa attack and kill the larvae 

1 Biol. OttUraOl. ir. 1886, p. 722. 

* Bull Soe. onl. Frames (8), L 1881, pp. zxi and zzzi. 



Fio. Z16.— Chrysopa (Bj/poehryta) pallida, 
larr^ (Altar Branor.) 



XX 


HEMEROBIIDAE 


47* 


of Lepidoptera and Phytophagous Hjmenoptera. The curious 
form we figure (Fig. 316) has been hatched from eggs found by 
Brauer on Pinu& ahits in Austria. The eggs were of the stalked 
kind we have described ; the young escaped &om them in the 
autumn, twelve days after deposition, but did not take any food 
till the following spring. 

The Chrysopides are widely distributed over the earth’s sur- 
face. They form an important part of the fauna of the Hawaiian 
islands. 


Bnb-Fam. 7. Ooniopterygides. — Minute Insects toith very few 
transverse nerwles in the wings ; having the hody and wings 
covered hy a powdery efflorescence. 

These little Inse cts are the smallest of the Order Neuroptera, 
and h'^ve the appearance of winged Coccidae ; their rJaim to be 
consideed members of the Neuroptera was formerly doubted, 
but tbi ir natural history is quite concordant with that of the 
Hemerobiid groups, near which they are now always placed. Low 
has made us acquainted 
with the habits and 
structure of an Austrian 
species, Coniopteryx lutea 
Wallg., but for which he 
has proposed the new 
generic name Meurop- 
teryx ; the larvae are 
found on Pinus mughus 
at Vienna feeding on 
■Aspidiotus dbietis, which 
they pierce with sucking- 
spears, after the fashion 
of the Hemerobiides ; 
when ftdl fed they spin 

a cocoon formed of a double layer of silk, in which meta^ 

in a manner similar to that of other 
Hemerobudae. The better -known genus Coniopteryx differs 
from Meuropteryx in having the sucking - spears short and 

nearly concealed by the front of the head, which is somewhat 
prolonged. 



Ra 817 . — Ooniopteryx jMoe(^omu. Cambridge. 
(An**' Cortis.) a. The inaect with wing* ex- 
panded, magnified ; B, with winga cloaed. natural 
aiae. 
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reznarking that foesil remains of specimens of moet of them haye 



Fia S18. — Ijarf% of Oomkfierfx (Alter Coitis.) & Heed end pro- 

thoru of Urrm of Camiiopimyz ^ up per surfooe ot heed of lem of Qge i tyfgyg 
(After Lov), mTieh 

been detected in the Tertiary strata, and that in the Secondary 
strata these gronpe are represented by only a small number of 
fossils, which are referred specially to Hemerobiina, Kymphidina, 
and Cbrysopidea. 


CHAPTER XXI 


NKOBOPTERA COITTINUBD TBICHOPTSBA, THE PHBTGAJfSIDAB OB 

CADDI6-FUBS 

Fam. XI. PhryganeidM — Oaddis-flies. 

(trichoptera of many authors'' 

Wings more or less clothed with hair^ nervures dividing at very 
acute angles, very few transverse 

nervules ; hind pair larger than 1 ^ 

the front, with an anal area which 
is frequently large and in repose 
plicately folded Aviennae threads 
like, porrect, of many indistinct 
joints. Mandibles absent or ohso^ 
lete. Coxae elongate and free hut 
contiguous. Metamorphosis great ; 
larvae caterpillar-like, usually in- 
habiting cases of their own con- 
struction. Pupa resembling the 

perfect Insect in general form, becoming active previous to 
the last eedysis. Wingless forms of the imago excessively 
rare. 

The caddis-flies are Insects of moth-Jike appearance, found in the 
neighbourhood of water ; their larvae live in this element, wh^ 
they may sometimes be found in abundance. Phryganeidae are 
not very attractive Insects, and there are few of large size; 
Hence they have been much neglected by entomologists, and very 
little is known about the exotio forms of the family. The 
habitations constructed by the larvae are, many of them, of a 
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curious nature, and usually attract more attention than do the 
creatures they serve to protect. 

The Phryganeidae form the division or series Trichopteraj 
the two terms are therefore synonymous; those entomologists 
who consider these Insects to form a distinct Order use the latter 
appellation for it. 

The perfect Insect, though the wings are usually ample, has 
but feeble powers of flight, and rarely ventures far from the 

water it was reared in ; it has a moth- 
like appearance, and the wings in 
repose meet, at an angle, in a roof-like 
manner over the back (Fig. 326, E). 
The head is small, with the front in- 
dexed ; it has two large compound eyes, 
and usually three ocelli ; the antennae 
’s?' “6 slender, thread-like, and occaaionaUy 

attain a great length. The parts of the 
mouth are very peculiar, the labrum and the palpi — especi- 
ally the maxillary palps — being well developed, while the 
lobes of the maxillae and labium are amalgamated and therefore 
indistinct. The labr um is more or less elongate, and is more 
mobile than is usual in mandibulate Insects ; it is held closely 
applied to the maxillae. These latter are small, have usually 
only a single small free lobe ; they are imited to one another and 
to the labium by membrane in such a manner as to form a 
channel along the middle of the mouth, the labrum forming the 
roof of this channel The palpi are in some cases (Sericosto- 
matides) of a remarkable nature ; their Joints vary in number 
from three to five, and differ sometimes in the sexes of the same 
species^ The lower lip appears as a plate supporting the labial 
palpi, which are three-jointed and do not exhibit any peculi- 
arities of structure comparable with those we have mentioned as so 
frequently existing in the maxillary palps. Difference of opinion 
exists as to the mandibles, some entomologists declaring them to 
be entirely absent, while others state that a small tubercular pro- 
cess that may be seen in some species on each side of the labrum 
is their representative. The prothorax is very small, the notum 
is the largest piece but is quite short, the side-pieces are very 
small, and the sternum appears to consist only of membrane. The 
mesothorax is much the largest segment of the body; its stemiun 
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is large, but is nearly perpendicular in direction, and is much 
concealed by the elongate, free front coxae, which repose against 
it. The metathorax is intermediate in size between the pro- and 
meso-thorax ; its side-pieces are rather large, but the sternum is 
membranous, with a heart-shaped piece of more chitinous consist- 
ence in the middle, entirely covered by the middle coxae. The 
side-pieces both of the meso- and meta-thorax are large, and are 
closely connected ; the middle and posterior coxae are very large, 
elongate, and prominent, and the middle pair slope backwards, 
so that their tips are in contact with the tips of the hind 
pair. The abdomen is cylindric and rather slender ; it looks aa if 
formed of eight segments in addition to the terminal segment ; 
this latter in the male usually bears remarkably modified 
appendages. The first ventral plate is sometimes, if not always, 
entirely membranous ; indeed the texture of the segments is in 
general very delicate, so that they 
shrivel up to an extent that renders 
their comprehension from dried 
specimens very difficult. The legs 
are always elongate, the coxae attain- 
ing in some forms a remarkable 
length, and the tibiae and tarsi are 
armed with many spines ; the tarsi 
are five-jointed, slender, frequently 
very elongate, terminated by two 
large claws and an apparatus, 
placed between them, consisting of 

a pair of hair-like processes with a fio. 821 . — Pwat view of head of 

membranous lobe. Anabotia funata after lemoTal 

mu i. i. t'M.-L. labrum. o, Oeelloa } on, base 

X be structure of the mouth-parts of aatonoa ; oh, oye ; cin, eardo ; tt, 

of the Phryganeidae has given rise 
to much difference of interpretation ; 
it has recently been investigated by 
B. Lucas ^ in connexion with Ana- 
holia furcata (Fig. 321). He agrees 
with other observers that mandibles 
are present in the pupa, but states 
that no rudiment of them exists in the inu^. He ca lls the 
peculiar structure formed by the combination of the Tnft-gillno 

^ At^ ifahurgu. Ux. 1898, Band I. p 285. 





ctlpes \ ^ ftxternftl lobe ; pU rap* 
part of peSpoA ; p^poe of 
mexUla ; condjle of artaoulatira 
of the abMDt mandible; ha^ channel 
of hanatellam ; hansteUutn ; 
apex of ehannd of hanatellum (not 
explained b^ Luoaa) ; ^Itinone 
point of external lobe of aeoond 
maxilla; pl^ labial palp. (After 
Luoaa.) 
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labium a hausteUum. He looks on the Trichoptera as possess- 
ing a mouth mtermediate between the biting and sucking types 
of In^t-moutha. He considers that the Phryganeidae take 
food of a solid, as well as of a liquid, nature by means of the 
haustellum, but the solid matter must be in the form of small 
particles, and then is probably sucked up by the help of saliva 
added to it. Lucas says also that in the larvae certain parts of 
the salivary glands serve the function of spinning organs, and it 
18 from these that the salivary glands of the imago are formed • 

those saUvary glands of the larva that are not spinning glands 
disappearing entirely. 

The eggs are deposited in a singular manner ; they are ex- 
truded in a mass surrounded by jeUy ; there may be as many as 
one hundred eggs in such a mass. This is sometimes carried 
about by the female after its extrusion from the interior of the 
body, but is finally confided to a suitable place in stream, spring, 
or pooL It is said that the female occasionally descends into the 

water to affix the egg-mass to some object 
therein, but this requires confirmation, 
and it is more probable that the egg-mass 
is merely dropped in a suitable situation. 
As soon as the larvae are hatched they 
begin to provide themselves with cases; 
they select small pieces of such material 
as may be at hand in the water, and 
connect them together by means of silk 
spun from the mouth. Particulars as to 
these tubes we >vill defer till we have 
considered the larvae themselves. These 
have the general appearance of cater- 
pillars of moths ; in order to move -about 
they must put their head and the three 
pairs of legs at the front of the body out 

of their tube or case, and they then look 

A, Iatv. extracted from very like case-beazini? caterpillars. The 

lU eese ; B, one of the 1 ii 

doreel specee of the ab- part of the body that usually remams 

dominai ugmenu more under cover is different in texture and 

strongly msgiiifled* 

colour, and frequently bears outstanding 
processes, or filaments, containing tracheae for the purpose of 
extracting air from the water. Some peculiar spaces of a 



FxOe S22,—Anabolia nervosa. 
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different texture m&y be seen on certain larvae (Fig. 322, B); 
these may ^ connected with respiration. On 

each side of the extremity of the 
large hook by which the creature attaches its dwelling to its 
body, and there are also frequently present three large bosses 
on the anterior abdominal segment, which are supposed to 
assist towards the same end. The hold it thus obtains is so 


body there is a rather 


firm that it cannot be dragged out by pulling &om the iront ; 
fishermen have, however, discovered a way of extracting it by a 
strategic operation : the cases are, as a rule, partially open 
behind, and by putting a blunt object in and annoying the 
larva it is induced to relax the hold of its hooks and advance 
forwards in the case, or even to leave it altogether. The firm 
hold of the larva is maintained in spite of the fact that the body 
does not fill the case. It is necessary that water should pass 
freely into and out of the case, and that there should be some 
space for the respiratory filaments to move in. The mouth of 
the case is open, and the posterior extremity is arranged by the 
larva in such manner as to allow a passage for the water; various 
ingenious devices are adopted by different species of larvae with 
the object of protecting the hind end of the body, and at the 
same time of permitting water to pass through the ca se . 

The mode of changing the skin, or the frequency with which 
this occurs in the larval state of the caddis flies has not been 
recorded. The duration of life in this 
stage is usually considerable, extending 
over several months : indeed in our 
climate many species pass the winter in 
this stage, completing the metamorphosis 
in the following spring or summer ; and 
as one generation each year appears to 
be the rule, it may be assumed that the 
larval condition in such cases lasts from 
seven to ten months. During this stage 
the Insects are chiefly vegetable feeders, 
some being said to feed on minute algae • S2S.— A, Pai* of pAty- 

diet is not, however, entirely 
avoided, and it is said by Pictet that an^iw^oto, 

not only do some of the Phryganeidae eat other Insects, but that 
they also sometimes devour their companions. 
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At the end of the larval period of existence the creature 
closes Its case by a light web spun at each end, taking care not 
to prevent the Ingres and egress of the water ; it sometimes adds 
a stone or piece of stick, and having thus protected itself, changes 
to a nymph. During the first part of this metamorphosis the 
creature is completely helpless, for there is so great a difference 
between the external structures of the larva and nymph as to 
make the latter a new being, so far as these organs are concerned 
The changes take place in the interior of the larval skin, and as 
they are completed this latter is shed piecemeal. The resulting 
pupa or nymph greatly resembles the perfect Insect, differing 
consequently very much from the larva. Pictet, who paid 
special attention to the nymph condition of these Insects, con- 
cludes, however, that many of the organs of the nymph are 
actually formed within the corresponding parts of the larva, and 
has given a figure that, if trustworthy, shows that the legs of 
the nymph, notwithstanding the great difference between them as 
they exist in the larva and in the perfect Insect, are actually 
formed within the legs of the larva ; each nymphal leg being 
rolled up in the skin of the corresponding larval leg, in a 
spiral, compressed manner, and the only articulations that can be 
detected in the leg being those of the tarsus. The head of the 
nymph is armed in front with two curious projections that are, 
in fact, enormously developed mandibles (Fig. 323,B); they serve as 
cutting implements to enable the nymph to effect its escape from 
its prison ; they are cast off with the nymph-skin, the perfect 
Insect being thus destitute of these organs. The abdomen of the 
nymph differs from that of the perfect Insect in possessing 
external respiratory filaments ; the n)miphs of some species have 
also the middle legs provided with swimming-hairs, that do not 
exist in the imago. 

As a rule the larvae bring the respiratory filaments into con- 
tact with the water by moving the abdomen, but Fritz MUUer 
found ^ that those of a Macroruma move the gills themselves— *after 
the manner of Ephemeridae — with much rapidity. Many kinds 
of larvae of Phryganeids possess at the posterior extremity of the 
body exsertile pouches in the form of finger-like, or even branched, 
processes into which tracheae do not enter. Muller observed that 
in the MacTonema alluded to these pouches were generally not 

^ BnL Naekr. xiv. 1688, p. 274, 
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exserted ; when, however, the larva ceased to move the tracheal 
gills, then these pouches were protruded. He is inclined to con- 
sider them blood-gills. Similar structures are foimd in Eristalia 
and some other Dipterous larvae that have to breathe imder 
difficulties. 


The imagines of certain species possess filaments — or some- 
thing of the sort — on the abdomen. Palm^n, who has examined 
these organa in Hydropsyche, thinks that they are the remains 
of gills that existed in the larva and pupa, and that they are 
functionless in the imaginal inatar. M'Lachlan thinks that in 
Diplectrona, where the filaments are elongate, they may be 
functionally active even in the imago. ^ 

The sldu of the nymph is at first very soft, but it soon 
hardens, and when about fifteen or twenty days have elapsed the 
nymph opens its case by means of the mandibular processes, and 
swims through the water wth its back downwards till it reaches 
some solid object by which it can ascend to the air ; the nymph 
skin then swells and splits, and the thorax of the imago pro- 
trudes ; this is soon followed by the disengagement of the head 
and other parts, and the imago having thus escaped, the nymph 
skm remains a complete model ef the external structure of the 
nymph, and contains a considerable number of tracheae. This 
sketch of the metamorphosU of a caddis-fly does not apply 
m aU Its details to aU the forms of caddis-flies. there being 
exceptions, as we shall mention hereafter. 


Dewitz has described * the first appeanmce and development 
of the wmgs in larvae of Phryganeidae. Each one appears at 
first in the form of a small thickening of the hypodermis, accom- 
^med outwardly by a minute depression of the chitin (Fig 
d24 A). He compares the structure in the earUest stage to the 
entothoracic projections into the interior of the body. The 
rudiment grows as the larva increases in size, the ohitinous por- 
t.on being duly shed at the ecdysea. When the rudiment is 1 Jger 
and more complex, a mesoderm layer appears in it (Fig 324 B'i • 
hmm derived from a nerve-sheatl 00 ^ 1 ^ rudim^T Kg 
the resting state of the larva— after its case has been closed but 
Wore the pu^ form has appeared— the wing assumes the form 

desoription of the 

process leaves much to be desired, and it is doubtful whether in 

isrs. p. S56, noui . ^ ^ 
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C the position of the 
to the stripping off of 
of eversion, or to both. 


wing on the exterior of the body is dae 
the chitiuous integument, or to a process 



Fio. 324. — Development of win^ 
of Phr>'gueidee. (After DewiU.) 
A, Portion of body^wall of 
yonng Urva of Trifho$ttgia ; 
cK chltioi forming at r a pro- 
jection into tbe bypodermis ta; 
r and d forming tbos the first 
mdiment of the wing. B| The 
parts in a largely grown larva; 
a, o» i, the much grown hypo- 
dermis separated into two pmls 
by Tf the penetrating extension 
of the chitio ; me^erm. C» 
Wing-pad of another Phryganeid 
freed from its case at its change to 
the pupa ; ft, d^ outer layer of the 
hyp^ermis, of the b^y-wall ; 
r, inner layer without nucleL 


There are about 500 species of this family of Insects known as 
inhabiting the European region, and about 150 of this number occur 
in Britain. These are arranged by M*Lachlan * — whose zealous 
and persevering work at this neglected family of Insects is beyond 
praise — in eight sub-families, on a system in which the structure 
of the maxillary palpi plays a principal part ; they are -called 
Phryganeides, Limnophilides, 

Sericostomatides, Leptocerides, 

Oestropsides, Hydropsychides, 

Rhyacophilides, Hydroptilides. 

The first three of these form 
the division “ Inaequipalpia.” 

Phryganeides. — This group 
includes the largest forms of 
the family, and appears to be 
almost confined to the tern- 

prate regions of the northern British Tricho»l«.. A, 

hemisphere, though a few species Of Odontocemm aOncemt; M its ter- 

are already known from the 
corresponding districts of the 

southern hemisphere* This feature in their geographical dis- 

1 Honogrsph of the British Trichoptere in TV. erU. Soc^ London^ third series, toL 
V* 2863 ; and Monographic Rerision of the Eoropean Triehoptera, 1874 •1880* 
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tribution is, however, by no means peculiar to them, for a similar 
discontinuity of distribution exists in numerous other groups of 
Insects, and even in other divisions of the Phryganeidae. 

The Phryganeides almost without exception inhabit still waters, 
and it is more specially to them that the brief sketch of meta- 
morphosis given in the preceding pages will be found to apply. 
The larva always htis the respiratory filaments simple and 
thread-like, though elongate, and lives in a case that it carries 
about ; this case is open at both ends, and the larva is said to 
occasionally cut off the end having the least diameter and increase 
the other end, thus accommodating the habitation to its own 
growth. 

Linmophilides. — These Insects have only three, instead of four, 
joints in the maxillary palpi, but in most other respects agree 
with the Phryganeides. There is, however, greater variety in 
the habits of the larvae, though all live in free cases. In the 
genus Eruncyla (Fig. 

326) we meet with the 'N. / 

anomaly of a Trichopter- \ / 

ous Insect that lives ^ 

amongst moss and dead 

leaves, far away, it may • Sg 

he, &om water. Th? cases * 

of the Linmophilides are ^ ? 

constructed of a great ® ® o ™ 1 

variety of materials, and 

are o^n decorated with 
shells containing living 

T« *. 1 . j Fio. S2«.— UeUmorphosM of Bwie^ pu»ata. 

In the genus Apa~ <An«r lUtMma.) a. Cm* of AUl-gnsm lana ; B. 

tania the phenomenon 

of parthenogenesis is 

tho^ht to occur, there being at least two speciea.-in which no 
mate specimen has ever been discovered, though M'Lachlan has 
inade special efforts to discover the sex of ^ mulUhns. It 
shoiUd, however, be stated that these species have not been ex- 

^vely arcUca has been detected in the Arctic 

i^ons, and A. multebna has occurred in several localities in 


AiMieyfa puttita. 
<An«r BitMma.) A. Cmo of foU-grown larva ; B. 
tora aad easo magnlflad ; 0, larva extracted : D, 
wingless ndnlt femnle ; B» male. 
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SGricostoinfttidcs, like the Linmophilides, is a group rich in 
species; the larvae are chiefly found in streams. They form 

portable cases out of sand and stones 
(Fig. 325, B, case of CruTioecia irrorata) 
in preference to vegetable matter. It 
is here that the genus Helicopsyche, 
which for long was an enigma to 
naturalists, is now placed. This geniis 
consists of Insects whose larvae form 

Fla. 327.-C„e, of “““ “hells, 

shuitUuxrrthu (AfUr yon sio* ot saud OF Tuinute stone& These objects 

minified: j »■ c* occur in various parts of the world. 

Fritz Muller ^ has informed us that the 
larva inhabiting one of them, when it withdraws entirely >vithin 
its abode to repose, takes the precaution of anchoring its snail- 
like habitation, fixing it to a rock or stone by spinning some 
temporary silken threads. The respiratory filaments in this 
group are filiform. 

Leptocerides. — The first group of the division Aequipalpia ; 
so that there are five -jointed maxillary palpi in both sexes; 
these organs are frequently developed in a remarkable manner. 
The antennae are usually extremely long and slender. The case 
of the larva is portable (Fig. 325, A, case of Odontoeerum.) ] 
the respiratory filaments are not very conspicuous ; they form 
short tufts placed on various parts of the abdomen. MUUer * has 
called attention to a species w’hose larva lives in Brazil between 
the leaves of Bromeliae on trees. 

The Oestropsides is a small group, and has recently been 
reduced by M'Lachlan to the rank of an inferior division. 

Hydropsychides. — ^An extensive group, in which the larvae 
are believed to be chiefly of carnivorous habits. They vary, 
according to species, as to the nature of the respiratory 
filaments, and live in fixed abodes ; these are less tubular than is 
the rule with the portable cases, and are formed &om pieces of 
sand and stone spun together and fixed to larger stones under 
water. Sometimes several larvae live together in loosely compacted 
structures of this kind, and only form true cases when about to 
undergo their metamorphosis, Muller describes' a Brazilian species 
of Ehyacophylax as forming a case in which the mouth-end has a 

* ZeUxhr. xois$, ZooU xxxTt 1881, PL IV. fig. 6. 
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large funnel-shaped verandah, covered by a beautiful silken net. 
This larva lives in the rapids of various rivulets, and the entrance 
to the verandah is invariably directed towards the upper part of 
the riv\Uet, so as to intercept any edible material brought down 
by tlie water. Several of these lAr\'ae, moreover, build their cases 
60 that they form a transverse row on the upper side of a stone ; 
as many as thirty cases may be placed in one of these rows, and 
sometimes several rows are placed parallel with one another. 
This same larva lias the habit of coming out of its case when 
necessary, and suspending itself in the water — as some catei'pillara 
do in the air — by means of a silken thread. Other members of 
the Hydropsyclndes form tubes or covered ways of silk, earth and 
mud attached to stones, and in which they can move freely about. 
Some of the Hydropsychidae have been ascertained with certainty 
to ^ carnivorous in the lar\'al state, A species of the genus 
Hydropsyche has been found by Howard * to help itself in the 
task of procuring food by spread- 
ing a net in the water in con- 
nexion with the mouth of its 
case. This net is woven in wide 
meshes with extremely strong 
silk, and supported at the sides 
and top by bits of twigs and 
snjall portions of the stems of 



water - plants. Small larvae **«>• 828.— Caae, with head of larva aod 
brought down by the current 
are arrested by this net for 

the advantage of the larva that lurks in the tube. The 
breathing organs of the larvae of Hydropsychides are apparently 
of a varied character, and would weU repay a careful study Mr 
Morton informs the writer that some of our British species of 
niicpotamus and Tinoda have no gills either in the larval or 
pup^ state, and probably respire by means of modified tracts in 
the mtegument In some of the allied genera, r.y. Polyc.vXropv^ 

, , ..^f. **yacopbiUdea is another group in wliich the larval 
abitations are hiced. Some of these larvae have no respiratorv 
filamente, bathing only by means of the stigmata hnt oth^ 
have tufts of filamenta These Insects have a jSJiHarity in their 

' Rep. Of BiUomoiogist, 1886, p. 510, Washington. 
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metamorphosis inasmuch as the larva, instead of lying free, con- 
structs a cocoon in its case or other habitation in which to change 
to a nymph. In the larvae that do not make use of a portable 
case the abdominal hooks ai-e not essential, and are replaced 
by other organs ditfering much in structure, Ijeing sometimes 
apparently of a sensitive nature, in other forms possibly respint- 
tory. Muller tells us of a ciirnivorous larva of this group in 
which the anterior legs are armed with powerful forceps for pre- 
datory purposes. 

The Hydroptilidos comprise the most minute of the 

riiryganeidae, and their species will prob- 
ably prove to be very numerous hi well- 
watered tropical regions, though few have 
yet been described from there. The jier- 
fect Insects (Fig. 320) bear an extreme 
resemblance to small moths of the grouj) 
Tineidae. The lan-ae (Fig. 329) are des- 
titute of respiratory filaments, and con- 
struct portable cases of a variety of 
forms, some resembling seeds. Muller has 
given particulars of a curious nature a-s 
to the cases of some Brazilian Hydrop- 
tilides ; one species moors its dwelling 
to a stone by means of a long silken 
cable, by this artifice combining safety 
with the power of ranging over a con- 
siderable extent of water. In Diaulus 
there is only a narrow slit at each end 
of the case, but one side of it is provided with two chimneys to 
permit the flow of water for respiratory purposes. 

The larva of Oxyethira (Fig. 330) is a curious fonn, possess- 
ing comparatively long legs, and a head and thorax slender in 
comparison with the distended hind body. The cases are 
fastened, for the purposes of pupation, to a leaf of a water-lily. 

Some very curious anomalies as regards the development 
of the wings exist in the Phryganeidae ; Anoinalopteryx, for 
instance, lias the wings quite short and useless for flight in 
the male, while in the other sex they are ample ; in Enoicyla 
— the curious Insect figured on p. 481, in which the larvae 
are of terrestrial habits — ive find the females with only rudiments 



Fro. 329. — Uydroptilu mac- 
UtclUani, Case willi 

Inrva magniHed : A, lan'a 
iiiorv niagiiitied. (After 
KLaimlek.) 
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of wings, while in Thainastes the posterior wings are absent in 
both sexes. These anomalies are 
at present quite inexplicable; and 
we may here mention that we 
ai-e in complete ignorance as to 
the functional importance of 
many of the peculiarities of the 
Phryganeidae. We do not know ^ 
wliy the mouth is reduced from 
the normal state, the maxillary 
palpi being, on the other hand, 
extraordinarily developed ; we do 
not know the importance of the 
numerous spines and of the 

spurs on the legs, nor of the Fw. 330.— Oxy«M»Va costalU. A, Urv* 
hairs on the wines, althoueh fastened to leaf for 

. , ts > fe l>ni»ation. (After Klapilek.) 

these are amongst the most 

characteristic of the special features of this group of Insects. 

Fossils. — Abundant remains of Phryganeidae belonging to 
the Tertiary epoch have been discovered. They are common in 
amber, and it is a remarkable fact tliat a larval case has been 
found in amber. This seems almost inexplicable, except on the 
as8\unption that such lai'vae were of arboreal habits, a condition 
that, at the present time, must be excessively rare, though the 
terrestrial habits of Unoicyla warrant us in believing it may 
occur. In the Tertiary Lake Basin at Colorado the remains of 
Phryganeidae in the imago state are extremely abundant, so 
that it is curious that but few such remains have been found in 
Europe. In Auvergne the so-called indusial limestone, which 
is two or three yards thick over a wide area, is considered to be 


composed chiefly of the cases of larvae of this family. 

In the Mesozoic epoch some wings found in the lower Purbeck 
strata are considered to be those of Phryganeidae ; similar wings 
have ^n found in the Lias, but this is the only evidence of 
the existence of the family at that period except a tube, supplied 
to 1» a larval case, detected in the Cretaceous of Bohemia. 
Earlier than this nothing has been discovered that can. be 
connected with the family, so that at present the palaeontological 
evidence appears unfavourable to the view held by some that 
the Phryganeidae may be considered forms allied to the early 
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conditions of the Lepidoptera. It should be noted that the 
head in Phryganeidae is the most important part from a 
systematic point of view, and that fossils have been chiefly 
identified from the wings ; this is a much more doubtful 
character, as the wings of the Phryganeidae have a simple 
system of neuration, and in shape have nothing very charac- 
teristic. 

Extinct Order Palaeodictyoptera. 

This seems to be the fittest place to notice the existence of 
some fossil remains from the Palaeozoic rocks that cannot be 
fitly, or certainly, assigned to any of our existing Orders, and to 
which the above name has consequently been given. These 
remains consist chiefly of ^viugs in a more or less imperfect state 
of preservation, and it is therefore quite doubtful whether the 
course of assigning them to a separate Order supposed to be ex> 
tinct be correct. This is all the more doubtful when we recollect 
that an Insect fossil, Eugtreon hockingi, having the head mth 
mouth-parts of a Hemipterous or Dipterous nature, has been found, 
the wings attached to it being such as, had they been foimd 
separate, would have been considered to be Neuropterous, or at 
any rate allied thereto. About forty-two forms of Palaeodicty- 
optera are assigned by Scudder to a section called Neuropteroidea, 
and may therefore be considered to have a special resemblance 
to our Neuroptera, These Neuropteroidea comprise numerous 
genera and no less than six families. Scudder’s view is at 
the beat tentative, and is not very favourably received by some 
entomologists. Brauer has, indeed, objected altogether to the 
formation of this Order Palaeodictyoptera, and Brongniart has 
published a list of the Palaeozoic Insects in which a system 
of arrangement different to that of Scudder is adopted. In his 
most recent work ' Brongniart assigns some of these Neur- 
opteroidea to the families Platypterides and Protodonates, which 
we have previously discussed. The whole subject of these 
Palaeozoic Insect remains is still in its infancy, and it would 
not be proper to accept any view as final that has yet been 
stated, nor would it be fair to dismiss the subject as unimportant 
because of the great divei^nce of opinion amongst the authorities 
who have investigated it. 

' In$uU» /ouil«s de$ temp$ primaires, 1898, p. 38. 


CHAPTER XXII 


HTUENOPTBRA HTilENOPTERA 8ESSILIVENTRES CEPHIDAE 

OBYSSIDAE SIBICIDAE TENTHREDIXIDAE OR SAWFLIES 

Order IV. Hymenoptera. 

Wings four, membranous, without scales, usually transparent, never 
very large, the posterior pair smaller than the anterior ; the 
edls formed by the nervures irregular in size and form, never 
very numerous (less than twenty on the front, than fifteen on 
the hind, wing). Mandibles conspicuous even when the other 
parts of the mouth form a proboscis. The side-pieces of the 
prothorax, are disconnected from the pronotum and overlap 
the prostemum, usually entirely concealing it. The females 
are furnished at the extremity of the body with either saw, 
sting, or ovipositor ; these parts may either be withdrawn 
into the body or be permanently protruded. The metamor- 
phosis is great and abrupt, the chief changes being revealed 
in the pupa distdosed at the last moult of the larva ; this moult 
is frequently delayed till long after growth has been com- 
pleted. In the pupa the parts of the perfect Insect are seen 
nearly free, each covered in a very delicate skin. 

Tub term Hymenoptera includes ants, bees, wasps, sawflies, and 
the tribes of innumerable Ichneumon-fliea The Order is of 
enormous extent, consisting even at present of tens of thousands 
of described and named species, and yet these are but few in 
comparison with those that remain unknown. It has good claims 
to be confiddeied the " highest Order of Insects. Sir John 
Lubbock says : “If we judge animals by their intelligence as 
evinced in their actions, it is not the gorilla and the chimpanzee, 
but the bee, and above all the ant, which approach nearest to 



488 


IIYMENOPTERA 


CHAP. 


man. 


» 1 


The mechanical j^erfectioa of the structures of the 
individuals, and the rapid and eflftcient manner in which their 
functions are discharged, are very remarkable. In many species 
of Hymeuoptera the individuals have the habit of living together 

in great societies, in 
which the efforts of 
the members are com- 
bined for the support 
of the whole society 
and for the benefit 
of a younger genera- 
tion. To fit them 
for this social life 
the bodies of the 
larger number of the 
individuals are more 
or less changed in 
structure, so that 
they become workers. 
These workers are in 
all cases imperfect 
females ; besides 
carrying on the 
ordinary work of the 



Fia 331 . — Bomhus luctyrvm. Adult larv« ; B, pupa 

C, imago, feuiale. Britain. 


society, they tend and feed the yoimg. The duty of reproduc- 
tion is restricted to a single female, called a queen, or to a small 
number of such individuals in each society. The males occupy 
an unimportant position in the society, and are usually much 
shorter-lived than the workers and queens. The social Hymen- 
optera do not form a single zoological group, but are of three 
different kinds — wasps, bees, and ants. There are numerous 
non-social, or solitary, wasps and bees. 

In the Order Hymenoptera— -especially in the higher forms 
— the males and females are often different in appearance and 
structure. In the ants, one of the social groups, the workers, or 
imperfect females, are quite wingless. There are numerous other 
groups in which species, not social, are found, having the female 
wingless while the males have wings. In a few species there is 
an apterous condition of the male, perhaps iisually only as a 

^ cnL Soe. London^ 1866» p. Ixv, 
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dimorphic form. In the parasitic division there are species that 
are apterous in both sexes. The structure of the outer skeleton, 
or external part of the body, exhibits some peculiarities, the chief 
of which is the detachment of tlie side-pieces of the prothoi-ax and 
their great development. Not less remarkable is the abstraction 
of a segment fi-om the abdomen to become, as it were, part of 
the thorax ; while between the first and second true segments of 
the abdomen there exists a joint, or articulation, of the utmost 
mechanical perfection, enabling the operations of stinging and 
piercing to be executed with an accuracy that cannot be surpassed. 

As a result of the detachment of the thoracic side-pieces, the 
front legs and the structures connected with them are disjoined 
from the notum, as shown in 
Fig. 332, and act in connex- 
ion with the head, while the 
dorsal portion of tlie segment 
remains attached to the gieat 
thoracic mass. The head is 
quite free from the thorax 
and very mobile ; the upper 
organs of the mouth — the 
labrum and the mandibles— ~ 
are not subject to modifica- 
tions equal to those exhibited 
by the maxillae and lower — TetttArfric, with head folly ox* 

lip, which parts in the bees = '• 

are prolonged to form a suc- 
torial apparatus that may exceed in length the whole body of 
the Insect The mandibles remain cutting or crushing imple- 
ments even when the maxillae and lower lip are modified to 
form a suctorial apparatus of the kind we have mentioned ; so 
that m the higher forms — ants, bees, and wasps — the mouth- 

pi^ ^ completely differentiated for two sets of functions, one 
industrial, the other nutritive. 

^hind the head there is a large consolidated mass represent- 
ing the thorax of other Insects, but made up, as we have already 
ludica^, in an unusual manner, and which therefore may be 
by a specif name, the aUtrunk (Fig. 333). The pronotum 
forms the anterior part of the alitrunk, with which it is usuaUy 
very closely connected, being indeed frequently immovably soldered 
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thereto. It exhibits, however, considerable variety, and is seen 

in its simplest and least soldered state in 
Cephus. In the higher bees the pro- 
notum takes on a form not seen in any 
other Insects, being one of the most 
beautiful sclerites to be found in the 
class (Fig. 334, pronotum of Xylotopa). 
We have already remarked that in 
Hymenoptera the lower portions of the 
prothoracic segment are detached from 
the upper, so 
that the pro- 

notum is not 
supported be- 
neath by a 
sternum as 

usual In the 334. — Pronotum of a c«r- 

bees in cues- penter bee, Xyloeopa sp. 

. » . . ^ £ast Indift. 

tioQ the pro- 

notum makes up for the removal of the 
corresponding side-pieces and sternum, 

Fio. 333.— Aiitrunk of Sphac ^7 becoming itself a complete ring, 

ehtysit.. A, ^rsAi aspect : jjg gi(Je3 beinfif prolonged and meeting 
a, pronotum ; 6, mesonotum ; , , 

e, teguia ; d, base of anterior, m the middle line of the under sur- 

nitoofni/: *. *'>® ““® ‘™® 

median (true first abdomi* a large lobe is developed laterally on 

TcVe^Tl^nd^Momta'i Side, overlying and protecting the 

segment, usually called tho first breathing orifice. The intermediate 
B ®tag®« Of ‘hi® remarkable modification 
pect of tbe znediAn Mg- msLj be observed bj dissecting a small 

auperior, e, inferior^omi- ®eries of genera of becs. 
nai foramen ; d, ventral Although the prostemum of a Hymen- 
median a^ent, Qpjgj.Qyg ingg^t is not usually visible 

owing to its being overwrapped by the 
side-pieces, it is really, as shown in Fig. 335, B, of complicated 
form. In Cimhex and some other sawflies the side-pieces are not so 
large as usual, but the prostemum is larger apd is exposed. The 
prothoracic spiracle is rarely visible externally, but its position 
is remarkably constant, and is usually indicated by a peculiar 
lobe or angle of the pronotum projecting backwards just below 
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the insertion of the front wing. This stigmatic lobe is frequently 
fringed with short hairs. 

The mesothorax is the latest of the three divisions of the 
thorax proper; its notum is large, and usually divided into two 
parts by a transverse suture. The side- 
pieces are so placed that the epimeron is 
rather behind than below the episternuni. 

The mesostemum forms the larger part of 
the under-surface of the alitrunk. A very 
large phragma projects from the meso- 
thorax into the interior of the body. The 
mesothoracic spiracle is usually not visible ; 
its existence was unknown to the older 
entomotomists, who were in consequence led 
to consider the spiracle of the median seg- 
ment as belonging to the thorax. The meso- 
thoracic spiracle is, however, easily seen in 
Cimbex, placed in the sutiue between the 
mesothoracic epimeron and the metathoracic 
episternum, a little below the insertion of 
the front wing ; close to this spot the meso- 
phragma, just spoken of, comes, in Cimbex, 
to the surface. The mesothoracic spiracle 
is generally conspicuous in the worker ant. 

The parts of the metathorsx are usually small, but so much variety 
prevails in this respect that no general description can be given. 

The structure of the posterior part of the alitrunk has given 
rise to an anatomical discussion that has extended over three- 
quarters of a century,^ with the result that it is now clear that 
the posterior part of what appears to be thorax in Hymenoptera 
is composed of an abdominal segment. This part has been called 
“ Latreille’s segment,'* the " median segment,” and the " pro- 
podeum.” The latter term was proposed by Newman, under the 
form of propodeon,^ and appears to be on the whole the most 


Fio. S35.— ArticulatioD of 
front legs of the hornet 
( Vespa CTXibrOt 9 )• A : 
<i» side -piece of pro- 
thor%x OTerlying the 
prostemum ; coxa ; 

trochanter* B, pro- 
atemum proper« aa setu 
from front when ex- 
tracted* 


* For a hutoiy of this complex (jueation, see Gosch, Tidakr. (Rk. S) 

yoL xiii. 1881 ; and also Brauer, Siizb. Ak. JFien, IxxxT. 1882. 

* liUrod. hitL /naeeta, 1841, p. 148. The namea proposed by Newman may be 
adopted when it is specially iwquisite to use terms that are morphologically correct. 
Aocordlng to his nomenclature tho true whole abdomen of petiolate Rymenopten 
consista of tlireo anatomical parts ; 1, the petiole or podeon ; 2, the propodeon or 
part in front of the petiole ; 3, the metapodeon or part behind the petiole. 
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suitable term for this part, which is of great importance in 
systematic entomology, owing to the extreme variety of characters 
It affords. Although it is clear that the propodeum is, in large 
part, an abdominal segment, yet its morphology is still uncertain : 
what parts are pleural, what tergal, and what may be chitinised 
spiracular area, or portions of the metathorax, being undetermined. 
The ventral portion of the propodeum affords a strong contrast 
to the dorsal part, being so small that it has frequently been 
described as absent ; it is, however, not difficult to detect it in 
the position shown at d. Fig. 333, B. 

Although the true first segment of the abdomen is detached from 
its normal position and added to the thorax, yet the term abdomen 

is conventionally restricted to the part 
that commences with the true second 
segment, which, in counting the number 
of abdominal segments, is reckoned as 
being the first. There are two modes 
of articulation of the Hymenopterous 
abdomen with the alitrunk ; in one 
(Fig, 336, A) the base of the abdomen 
remains of the calibre usual in Insects, 
while in the other (Fig. 336, B) it is 
c“°: contracted, so that the two 

hex, B, Vetpa. a, Propodeum parts are Connected only by a slender 

the petiole. The petiole, beeidea 
aMomiDAi segment or petiole ; articulating in a very perfect manner 

S ^nTcoxa^*5.%entS**p““ti propodeum by means of cer- 

of first (second true) nMomi- tain prominences and notches, is also 
ua segment. Connected therewith by means of a 

slender ligament placed on its dorsal aspect and called the 
funiculus, shown in Fig. 333, A, just at the extremity of the 
pointing line k. This mode of articulation gives great freedom 
of motion, so that in some Fetiolata {Ampvlex) the abdomen can 
be doubled imder the body and the sting brought to the head. 

It is worthy of note that even in the Sessiliventres — as the sub- 
Order with broad-based abdomen is called — some amount of 
movement exists at the corresponding spot ; while, as shown in 
Fig. 336, A, between a and 6, there exists an exposed membrane, 
the homologue of the funiculua 

The number of abdominal segments that can be seen in the 
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perfect Insect varies greatly. In 

S^stinguished. while in some of the Chrysididae it is difficult to 
detect more than three behind the petiole. These distinctions 
are, however, superficial or secondary, being due to changes m 
the later life in connexion with the stings or borers ; in the 
larvae that have been examined thirteen segments behind the 


head have usually been detected. 

Nothing is more remarkable in the Hymenoptera than the 

great differences that exist in the form of the petiole. This may 
be very short, as in the bees, so that the abdomen when not 
deflexed does not appear to be separated from the thorax (tig. 
3»1,.C) ; in this condition it is said to be sessile, a term which 
it would be well to replace by that of pseudosessile. In many 
of the solitary wasps the petiole is very long. In ants it is re- 
placed by one or two curiously-shaped small segments caljed 
nodes (Fig. 60, B, 2, 3), and in many ants these are provided 
with structures for the production of sound. The abdomen is 
formed by a system of double imbrications; each dorsal plate 
overlaps each ventral plate, and the hind margin of each segment 
embraces the front part of the one foUowing ; thus this part of 
the body has not only great mobility, but is also capable of much 
distension and extension. The pleura are apparently absent, but 
each one has really become a part of the dorsal plate of the seg- 
ment to which it belongs. This is shown to be the case by 
Cimbex, where the di^^sion between pleuron and dorsal plate 
exists on each segment except the ba^l one. Owing to tins 
arrangement, the abdominal stigmata in Hymenoptera appear 

to be placed on the dorsal platea 

The organa for mechanical purposes existing at the extremity 
of the body in Hymenoptera exhibit a great diversity of form ; 
they are saws, borers, piercers, or stings. Notwithstanding 
their great differences they are all, in their origin, essentially 
similar, and consist of six parts developed from limb-like pro- 
longations on the penultimate and antepenultimate segments of 
the larva, as described by Packard and Dewitz.' These processes 
have by some been thought to be not essentially different from 
abdominal lege, and Cholodkovsky has recently advocated this 


opinion.^ 


1 ZtiUehr. toiaa. Zool. xxv. 1874, p. 184. 

• Ann. Mag. Mat. Hist. (6) x. 1882, p. 442. 
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The legs of bees e.xhibit modifications for industrial purposes. 

In the stinging Hymenoptera the trochanters are usually of a 

single piece, and these Insects are called monotrochous ; but in most 

of the other forms the trochanters are more or less distinctly 

divided into two parU (Fig. 345, b). The usual number of joints 

in the tarsus is five, but is subject to diminution in many cases. 

In the bees and ants the first joint is altered in form ; in the 

bees to act as an instrument for gathering or carrying pollen ; in 

the ants to act, as it were, as a second tibia. Between the 

claws there is a very perfect pad. already described and figured 
on p. 106. 


The wings are remarkable for the beautiful manner in which 



Fig. 337. — Wings of a carpenter bee. A, 
The pair of wings separated ; a, posi- 
tion of tbe hooks : B, the same wings 
when united by the hooks. C, Portions 
of the two wings; a, the series of 
hooks ; b, manrinal hairs ; e, portion of 
edge of front wing, of which tbe other 
part has been broken away in order to 
show the hooks. 


the hinder one is united to the 
anterior, so that the two act in 
flight as a single organ. The 
hind wing is furnished with a 
series of hooks, and the hind 
margin of the front wing is 
curled over so that the hooks 
catch on to it. In some of the 
parasitic forms the wings are 
almost destitute of nervures, 
and have no hooks. The powers 
of flight in these cases are prob- 
ably but small, the wings merely 
serving to float the Insect in 
the air. In some Hymeuoptera, 
especially in Pompilides and 
Xylocopa, the wings may be 
deeply pigmented or even me- 
tallic ; and in some forms of 
Tenthredinidae, Ichneumonidae, 
and Braconidae the pigmenta- 
tion assumes the form of definite 


patterns. 

The studies of the internal anatomy of Hymenoptera are at 
present by no means numerous or extensive. The alimentary 
(Fig. 69) possesses a crop, gizzard, and chylific stomach in addition 
to the oesophagus and intestine. The social Hymenoptera have 
the power of disgorging matter from the alimentary canal for the 
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purpose of supplying food for their young. The crop — which 
is situated in the anterior part of the abdomen — is the reser- 
voir that contains this matter. The mode of disgorgement is 
believed to be pressure exerted on the crop by contraction of the 
abdomen. Salivary glands are present in remarkable variety. 
The tracheal system possesses, in the higher winged forms, large 
saccular dilatations situated at the side of the abdomen. The 
nervous system is of peculiar interest on account of the high 
intelligence of many of the members of this Order ; and on this 
point of the anatomy, Brandt * has made rather extensive inves- 



P^a S38. — Centra] nervous system 
(supra-oesophageal ganglion and ven- 
tnl chain) of a worker ant, Cam> 
ponotus ligniperdus, (After ForeL) 
n. Cerebral hemisphere ; primor- 
dial cerebral lobe or pedunculate 
body (depressed so as to show other 
parts) ; c, olfactory lobe (raised 
from natural position) ; d, nerve 
to labrum ; e, antennary nerve ; 
scape of antenna ; g, eye ; h, optic 
nerve ; longitudinal commissures 
oon&ecting the bidden snb^oesopha* 
geal ganglion with the prothoracic 
ganglion ; A inesotboracic> m, meta- 
thoracic ganglion ; #, ganglion of the 
petiole ; n, nerve from petiole to 
other part of abdomen ; n 7, o, 2ndt 
drd, 4th abdominal ganglia ; p, ter-^ 
minal uerve to cloaca; i bases of 
legs* 


tigations, having examined it in the adult of seventy -eight 
species, and in the larva of twenty-two. In the adult there are 
two cephalic — the supra- and the sub-oesophageal — two or three 
thoracic, and from three to seven abdominal ganglia. The bees, 
wasps, and some other of the Aculeata have only two thoracic 
ganglia, while some ants have three. The eupra-oesophageal 
gangUon is very large. The most remarkable fact revealed by 
Brandt’s investigations is the great difference that exists between 
the sexes and the worker caste in the same species. The pedun- 


p. (*> >876, 

P* OV* , also Ifonu Soe. Jtoa$. xv. 1880, pp. 20 and 81. 
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culate bodies of the supra-oesophageal ganglion are considered to 
be in their development correlative with that of the intelligence 
or instinct. In the workei*s of the social Hymeiioptera these 
bodies are veiy large, while in the males and females they are 
small. The workers and females of Bomhus have six abdominal 
ganglia, while the males have only five; and the worker of the 
honey-bee has five abdominal ganglia, while the male and the 
queen-bee have but fom*. In the leaf-cutting bee (^Megaehile) the 
male has four abdominal ganglia and the female five, and in the 
wasps the workers have five, the males and females six. The 
nervoxis system in the larv'ae shows but little difference between 
the ganglia, which are tliirteen in number, eight being abdominal. 
In the embryo of the bee Kowalewsky has observed seventeen 
ganglia. The changes that take place from the embryonic 
to the imago condition are therefore directed to the reduction 
in number of the ganglia, which is accomplished by the 
fusion of some of theiiL In the adult Hpnenopterous Insect it 
would appear tliat the first abdominal ganglion is always joined 
with the last thoracic. 

Sub-Orders. — The distinction in the form of the abdominal 
articulation, previously alluded to (p. 492, Fig. 336, A, B), 
divides the Hymenoptera into two great sub-Orders, the members 
of which are very different in their habits and life-histories. 
The Sessiliventres are plant-eaters ; their larvae (Fig. 343, A) are 
provided with legs, and are able to procure their vegetable food 
for themselves. The larvae of the Petiolata are maggot-like 
and helpless, and are dependent for food on supplies afforded 
them by their parents or companions. It is said by Dewitz that 
although tlie larvae of the Petiolata appear to be legless, there are 
thoracic legs within the body. The metamorphosis, so far as it 
is known, and the early Ufe-history of the Sessiliventres are veiy 
similar to those of butterflies and moths, except that the pupa is 
soft and has no hard external skin. A few of these plant-eating 
Sessiliventres become carnivorous in the perfect state a change 
of habit that is most unusual in Insects, though the revei^ 
occurrence is common. The larvae of the Petiolate exhibit, in 
the cases tliat have been examined, the peculiarity that the 
alimentary canal has not any outlet posteriorly until the ter- 
mination of the larval stage of existence is approaching, in 
some cases there is no anal orifice ; in others this orifice exis , 
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blit there is no communication between the stomach and the 
posterior intestine. 

Packard informs us* that in Bomhus the larva, after it is 
full fed, passes into the pupa state (Fig. 331, A, B) by u 
series of transformations accompanied by moultings of the skin. 
Packard’s statements have been confirmed by others, but details 
have not been fully given, so that the number of the moults, 
their intervals and other particulars, are still unknown. We 
have remarked that the pupal instar is very like the perfect instar, 
except that it is colourless and soft, and that each of the members 
is wrapped in a very delicate skin ; the colour appears gradually. 
This metamorphosis exhibits important differences from that of 
tlie Lepidoptera. Packard calls the Insect, during the stages of 
transformation from the full-fed larva to the pupa, the semi-pupa ; 
the later stages of the pupa, when the colouring has appeared, he 
terms the subimago. Altogether he considers there is a series of 
at least ten moultings of the skin. His ideas were apparently 
derived from examination of a series of specimens after death 
rather than from obseiwation of the development in living indi- 
viduals. The parasitic forms of Hymenoptera have apparently 
extraordinary metamorphoses of very varied kinds. 

Parthenogenesis. — One of the most remarkable facts con- 
nect^ with tliis Order is the prevalence of parthenogenesis in a 
considerable number of widely separated species. In many of 
these Hymenoptera it is not a mere occasional occurrence, but 
plays an important i)art in the continuity of the species: in- 
deed, It 18 believed that in some members of the Order the 
reproduction is entirely parthenogenetic. We shall give par- 
ticulars as to some of these cases in subsequent chapters, and 
will here make some remarks on the different forms of partheno- 
genesis ei^ting in the Order, The three forms of parthenogenesis 
mention^ on p. 141 all occur in Hymenoptera. In the gall- 
mal^g Cynipidae parthenogenesis is frequently accompanied ^yith 

IT « generation consisting of the two sexes 

in another consisting entirely of females, which 

m Its turn gives origin to a bisexual generation. In this case 

^uterotokous parthenogenesis is established as a part of the normal 
economy of the species. This same form of par^enogeneais also 
occurs in other species of Cynipidae unaccompanied by^ternation 

* P. Ptalon Soc, s. 1866, p. 279. 

2 K 
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ot generations. Thus in Hhodites rosae the generations resemble 
one another, and the male is very rare, but is still occasionally 
produced,^ and the same condition exists in other Cynipidae. 
According to the observations of Adler, we may assume that the 
male, in the latter cases, is useless, the continuation of the species 
being effected by virgin females although males exist. Deutero* 
kous parthenogenesis also occurs in the sawflies, but as a com- 
paratively rare phenomenon.^ 

Thelyotokous parthenogenesis is common in sawdies, and it 
also occurs in some Cynipidae. There are several species of this 
latter family in which no males have ever been found.® The 
phenomena in Rhodites rosae we have mentioned, give rise to 
the idea that in that species deuterotokous parthenogenesis occurs 
as an exception, the species being usually thelyotokous. A 
most remarkable case of thelyotokous parthenogenesis is said to 
exist in the case of the parasitic ant Tomognaihus. This species 
is said to be monomorphic, only the female existing, and repro- 
ducing by uninterrupted parthenogenesis. 

Arrhenotokous parthenogenesis — i.«. parthenogenesis in which 
the progeny is entirely of the male sex — occurs in several species 
of sawflies. We find it also occurring in the case of the social 
Hymenoptera ; the workers of ants, bees, and wasps occasionally 
produce eggs parthenogenetically, and the progeny in these 
cases is always of the male sex. In the honey-bee the queen 
sometimes produces eggs before she has been fertilised, and 
the partbenogenetic young are then always of the male sex. 

Some species of Hymenoptera exhibit two forms of partheno- 
genesis. In Nematus curtispina the partbenogenetic generation is 
generally of the male sex, but a female is occasionally produced ; ® 
while in Semichroa rufa parthenogenesis may result in either 
deuterotokous or thelyotokous progeny. No case is yet known 
of a species exhibiting the three forms of parthenogenesis. F rom 
this review we may conclude that parthenogenesis docs not 
favour the formation of one sex more than another; but it w 
clear that it decidedly favours the production of a brood that is 


» Adler, Dtutsche enl. ZeiUehr. xsi. 1877, p. 209. 

» Cameron, Brit. Phyt. Hyvu Bay Society, i. 1882, p. 29, and ii. 1885, p. 218. 
’ CameroD^ cp. eit. tv. 1893, p* 9. 

* Brit. Phyt. Hym. i. p. 27. Fleldier’e record, referred to by Cameron, men 
tione N. miliarU, but this name was probably erroneous. 
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entirely of one sex, but which sex that is differs according to 
other circumstancea 


Production of Sex. — It is believed that a very peculiar form 
of parthenogenesis exists in the honey-bee, and it is confidently 
stated that the drones, or males, of that species are always pro- 
duced from unfertilised eggs. These views are commonly called 
the Dzierzon theoiy, and are widely accepted. They assume 
that the eggs are male till fertilised, and then become female. 


After the queen-bee is fertilised most of the spermatozoa soon 
find their way into a small chamber, the spermatheca, near the 
posterior orifice of the body ; it is believed that each egg may 
be fertilised as it passes the door of this chamber, and that the 
^ga that produce females (i.e. workers or queens) are so ferti- 
lised, but that the eggs that produce drones are not fertilised. 
Hence it b supposed that the sex b determined by this act of 
fertilisation, and Cheshire has described what he calls an appa- 
ratus for differentbting the sexes. It b also confidently stated 
that no male honey-bee ever has a father. 


The facts we have stated as to the sexes resulting from 

parthenogenetic reproduction in Hymenopteia generally, are 

extremely opposed to the Dzierzon theoiy, in so far as thb 

relates to the production of sex. There have always been 

en^mologbts^ who have considered thb view unsatbfactory, 

and the observations of several recent French naturalbts* are’ 

unfavourable to the idea that the sex of an egg b determined by 
its fertilisation. ^ 


There can be no doubt that the queen honey-bee frequently 
produces males parthenogenetically, and the error of the views 
we are aUuding to conabts in taking the parthenogenesb to be 
the cause of the sex of the individual It must be recollected 
^at the laying of an unfertilised egg by a fertilised female may 
be different physiologicaUy from the laying of an ece bv ^ 
u^ertil^ female; for. though both C! as resi^f an^r 
fertiW egg, it is possible that the fertilisation of the female 
may mitiate processes that modify the sex of the eggs produced 

fotili^tiorTl “ produce previous to 

toWisation only male eggs, yet after fertilisation they may 

produce eggs of the opposite sex or of both sexes. l/ othe^ 

> Seo Per« and Cameron. JV ^ 

rabrei Maroba]| Nicolas, 
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words, the act of fertilisation may initiate a different condition 
of nutrition of the ovaries, and this may determine the sex of 
the eggs produced 

Polymorphism, or Castes. — The question of the causes of 
the modified individuals forming the various castes of the social 
Hymenoptera has been much discussed. These individuals are 
many of them very different in size and structure from either of 
their parents, and are also different in their habits and instincts. 
This difficult subject is far from being completely elucidated 
In the case of the honey-bee it is well established that an egg of 
tlie female sex can, after deposition, be made either into a queen 
or a worker-bee by the mode of nutrition — using that word in 
the largest sense. On the other hand, Dewitz thought that in 
the case of tire ant Formica rufa, the caste — whether worker or 
winged female — is already determined in the Insect before leav- 
ing the ogg.^ Weismann and others associate the caste with 
some hypothetic rudiments they consider to exist at the very 
earliest stage of the embryonic, or oogenetic process. 

Herbert Spencer says : ~ “ Among tliese social Insects the sex 
is determined by degree of nutrition while the egg is being 
formed,” and " after an egg, predetermined as a female, has been 
laid, the character of the produced Insect as a perfect female or 
imi>erfect female is determined by the nutrition of the laiwa. 
That i'a, one set of differences in structure and instincts is deter- 
mined hy nutrition before the egg is laid, and a further set of 
differeiu'es in structures a7id histincts is determined hy nutHtion 
after the egg is laid." 

Spencer’s generalisation is not inconsistent with the facts 
liithertu brought to light, though it is possible that the progress 
of knowledge may show some variety as to the periods of the 
development at which the commencements of the modifications 
wcur. 

Fig. represents the chief castes, or adult forms, existing 
in a community of one of the most highly developed of the 
species of social Hymenoptera, the leaf-cutting ant, Atta cepha- 
lofes. We shall, when dealing with Formicidae, enter into some 
details as to these and other cases of polymorphism- Our object 


’ ZfUf^hr. irix*. Zoot. xxx. Supii. 1878, p. 103. . 

<» Rijoiml. r to rrofesaor WeisiUAun, p. 11. Reprint from Contemporary Benev. 

Decriuber 




Fio. 399. — Adult fonu of AUa (Oeecdotna) eejAatoits, Ukcn Arom a nest in Trinidad 
bj Mr. J. H. Hart* SSth June 189$. A» male ; B, rcing^ female ; G-F, wiou 
fenna tinwinged ; C| eo*<aUed eoldier ; large worker ; E, smaller worker * F 
pn a llgat worker or none. AU equally ma^ified (one and half timee^ 
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at present is to bring to the eje of the reader the great diversity 
of outer form that is believed, rightly or wrongly, to result from 
the mode of treatment of the young. And we will also take this 
opportimity of more fully illustrating the remark we made on 
p. 85 as to the profound distinctions that exist between ants 
and white ants, or Termites, notwithstanding the remarkable 
analogies that we shall find to exist in many of their social 
arrangements. 

The analogies we allude to, coupled with the fact that there 
is a certain general resemblance in outer form between the 
workers of Termites and ants, and even between the extra- 
ordinary castes called soldiers in the two groups, have given rise 
to the idea that there is a zoological relationship between the 
social forms of Neuroptera and Hymenoptera. The two are, 
however, zoologically amongst the most different of Insects. 
The external skeleton in Termites is remarkable for its im- 
perfect development, the sclerites being small and isolated, while 
the segmental differentiation of the b^y is low (Fig. 225, etc.), 
so that there is no difficulty in counting the segments. In ants 
the reverse is the case as regards both these facts, the various 
segments being most imequal, so that their homologies have only 
been detected after prolonged studies, while the chitinisation and 
articulation of the various parts is so complete that the ant may 
be described as cased in armour, fitting together so exactly that 
it is difficult anywhere to introduce the point of a needle into 
its chlnka The wings of the two kinds of Insects are also 
extremely different The differences between the modes of 
growth and development of the two sets of Insects are as pro- 
found as the distinctions in their anatomy. Termitidae belong 
to the division of Insects in which the wings are developed 
outside the body ; Hymenoptera to the division in which they 
are developed inside the body. In Termites the growth of 
the individual is slow, and the final form is reached gradually. 
In the ants the growth is carried on with great rapidity, and 
during it the Xns^t is a helpless maggot abrolutely dependent 
on the attentions of its seniors, while the difference in form and 
structure between the ant-larva and the ant are enormous. 
Both anatomy and ontogeny are profoundly different in ants 
and Termites. .To these distinctions must be added, as of much 
importance, the fact that in Hymenoptera only the female sex 
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is modified for the division of labour, while in Termites both 
sexes undergo this change. Hence it is impossible to suppose 
that the remarkable analogies that exist between the societies of 
ants and those of Termites are due to any common origin. It 
is probably to some similar physiological susceptibilities in the 
ancestors, at an extremely remote epoch, of both groups that we 
most look for an explanation of the interesting resemblances in 
the social lives of ants and Termites. 

The Hymenoptera are no doubt one of the largest Orders of 
Insects, the species of the parasitic tribes being apparently 
innumerable. No doubt 250,000 species of the Order exist, and 
possibly the nximber may prove to be very much larger. Up to 
the present time 25,000 or 30,000 have been discovered. No 
remains of Insects of this Order, of older age than the Lias, 
have been brought to light ; it is indeed doubtful whether the 
fossils considered to be Hymenopterous of the period referred 
to are really such. 

The Order, as already mentioned, consists of two very distinct 
sub-Orders, viz. : — 

1. HymenopUra SeMsilivertire *. — Insects with the abdomen broad at the base, 

its first segment not completely amalgamated with the thorax. 

2. Hymenoptera Petioliventree or P«fio/afo.— — The abdomen connected with 

what appears to be the thorax by a slender joint, the posterior 
part of the apparent thorax consisting of an abdominal s^ment. 

Hymenoptera SesBiliTentres. — This group has been variously 
called Symenoptera phytophaga, H. ucurifera, H. aessiliventres, 
H. Berrifera, H. symphyta. We prefer an old term, taken from 
a character that enables us to recognise at a glance which group 
a species belongs to. The division or sub-Order may be formally 
defined as follows : — 

Abdomen nearly eontinuouo in outline with the thorax, the two 
parU having a broad connexion inetead of a small highly 
mobile articulation. Anal lobe of hind wings usually of 
considerable size. Trochanters ditrockous (transversely 
divided into two, Fig. 345). Extremity of body of female 
fumxiditd with saws or boring instruments, usually concealed, 
in some cases visible in part. Larvae with complex mouth- 
parts ; three pairs of thoracic legs (imperfect tn Cephidae and 



504 


HYMENOPTERA 


CHAP. 


Sii^id^ie), and frequently with numerous abdominal legs, 
which are destitute of hooks. Food vegetable. 

The Insects of this sul>-Order never exhibit the higlilj* 
specialised habits and activity of the better known petiolate 
Hymenoptenu Though the food in the Iar\*al stages is alwa}'s 
vegetable, there is considerable variety in the larvae and their 
habits ; some feed in galls, some in the twigs of plants, some in 
the hard wood of trees and shrubs. The majority, however, live 
on the leaves of plants. Those that live in wood (Fig. 342, C) 
lesemble in appearance Coleopterous larvae that have similar 
habits, and those that live on leaves (Fig. 343, A) resemble 
Lepidopterous lai^'ae that do likewise. There are four families 
included in the sub-Order, viz. Cephidae, Oryssidae, Siricidae, 
Tenthredinidae. 

The British Sessiliventres — under the name Phytophagous 
Hymenoptera — have recently been monographed by Mr. Peter 
Cameron in a series of vols. published by the Ray Society.* 
These contain many figures and many details relating to natural 
history, in addition to the descriptions of geuera and species. 

Fam. I. Cephidae — Stem Sawflies. 

Slender Insects, with weak integument; free, more or less elongate 
pronotum ; one spine on the front tibia. Larvae living in the 
stems of plants or in the tender shoots of trees and shrubs 

The obscure little Insects composing this family have slender 
antennae of peculiar form, composed of eighteen to thirty joints, 
two of which are short and stout ; then come several long joints, 
with more or less power of movement, the terminal portion 
consisting of an elongate club of many joints with little power 
of movement. The pronotum is longer than is usual in the 
Hymenoptera, and instead of being very closely connected with 
the mesonotum, it is free and mobile, although its base over- 
wraps the front of the mesonotum. The median plate (i.f. the 
dorsal plate connecting the thprax and abdomen) is divided to 
the base along the middle, the divisions being separated by a 
membranous piece broader behind ; the anal lobe of the posterior 

1 Hon. BriL PhyL Hym. 4 toU. 1682 to 1893. 
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wings is small but distinct. The female bears a saw at the 
extremity of the body, but it is covered by two flaps; these 
form a short, terminal projection- Although too much neglected, 
the Cephidae are really of gi'eat interest 
as being of more imperfect or primi- 
tive structure than any of the other 
families of Hymenoptera. The larval 
history has been traced in several 
species. C. pygmaeus is sometimes very 
injurious to corn crops on the con- 
tinent of Europe, and even in our own 
country its effects in this respect are 
considered to be occasionally serious. 

The egg is laid in the stem of the com 
pl:int ; the larva soon hatches and eats ' ‘ 

ite way upwards in the stem. It is a soft 

grub, apparently footless, but really pos- female Smago. Britaiu. 
sessing six small projections in place of (After Curtis.) 
thoracic legs. It occupies all the summer in feeding, and when 
full fed and about to prepare for its metamorphosis, it weakens 
the stem by a sort of girdling process below the ear ; it then 
descends in the stem to near the root, where it constructs a 
transparent cocoon, in which it passes the winter as a larva, 
changing to a chrysalis in the month of May, and completing 
its development by appearing as a perfect Insect shortly there- 
after. The girdling operation is very injurious, and causes the 
com stem, when ripe or nearly so, to break in two under the 
influence of a strong wind, so that the ears fall to the ground. 

The history of C. integer has been given by Riley. This 
Insect attacks the young shoots of willows in North America. 
Riley states ^ that by a wonderful instinct the female, after she 
has consigned her egg to the twig, girdles the latter, preventing 
It from growing ony further, and from crushing the egg by so 
doing. The larva after hatching eats downwards, sometimes 
destroying a length of two feet of the twig ; when full grown it 
fills the bottom of the burrow with frass, and then previous to 
making its cocoon eats a passage through the side of the shoot 
about a quarter of an inch above the spot where the cocoon will 
be placed, thus making it easy for the perfect Insect to effect its 

^ insect £i/<, i. 1888, jt. 8. 
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escape ; it leaves the bark, however, untouched, and is thus pro- 
tected in its retreat. A delicate transparent cocoon is then spun 
in which the larva passes the winter, changing to a pupa in the 

following March, and emerging as a perfect Insect about six 
weeks thereafter. 

Somewhat less than 100 species of this family are at present 
known ; the great majority are found in the Mediterranean 
region, but there are several in North America As a single species 
is known from Mexico and another from Japan, it is probable 
that the family may prove to have a wider geographical exten- 
sion than at present appears to be the case. 


Fam. n. Oryssidae. 

The median plate behind the metanotum entire, not divided in the 
middle; antennae inserted below the eyes immediately above 
the mandibles, under a sharp edge. 

This family consists of the genus Oryssus, and includes only 
about twenty species, but is nevertheless very widely distributed 

over the world. They are very 
rare Insects, and little is known 
as to their habits ; one species, 
0. abietinus, was formerly found 
in Nngland. Should any one 
be so fortunate as to meet with 
it, he can scarcely fail to re- 
cognise it on noticing the 
peculiar situation of the base 
of the antennae. In this re- 
spect the Chrysididae somewhat 
resemble Oryssus, but in that 
group of Hymenopteia the hind 
body or abdomen is remarkably 
mobile, so that the Insects can 
coil themselves up by bending 

no. M\.-Orys,u, myu North Americ. at this joint ; whercas in Oryss^^ 
A, The feme!® Insect; B, heed seen Jhe hind body is very clOSeiy 
from the front. amalgamated with the thorax • 

more so, in fact, than in any other Hymenopterous Insect and 

has no power of independent movement. 
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Oryssus abietinus very closely resembles C. sayi (Fig. 341); 
it has indeed been recently suggested by Mr. Harrington that 
the two supposed species may really be identical. 


Fam. in. Siricidae or TJroceridae. 


Pronotum closely connected •with the mesonotum, perpendicular in 
front ; the anterior lobe of the latter not separated by the 
lateral lobes from the posterior lobe : the median plate (behind 
the metaihorax) is divided longitudinally along the middle. 
The female is provided at the extremity of the body xoith an 
elongate, eyli'ndrical boring instrument. The larvae live in 
the wood of trees. 



Flo. 342. — JVmea: 
cotumba^ North 
Amerieu* A, 
female : 
B, pupa» female^ 
ventral aspect : 
O, larva ; iiu- 
P^ect 1^: D, 
parasitic larva of 
(B 

and D after 
RUeyO 


The Insects of this family are usually of large size and of 
bright conspicuous colours; these, however, frequently differ 
greatly in the sexes of the same species, and may be very vari- 
able even in one sex. The antennae are fiHform and usuaUy 
elongate ; the head is usuaUy contiguous with the thorax, but in 
OM division, Xyphidriides, it is exserted and separated from the 
thorax by a weU-marked neck. The pronotum is attached to 
the mesonotum, and possesses very Uttle, if any. freedom of 
movement ; it varies in its size, being sometimes conspicuous 
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from above ; in the Xyphidriides it is smaller, and in the middle 
is entirely vertical in its direction. The mesonotum is moderate 
in size, and its divisions are delimited by broad vague depressions. 
The prosternum appears to be entirely membranous, but the 
prosternal plates (pleura) are large, and meet together accurately 
in the middle, so as to protect the greater part of the under- 
surface of the neck. The abdomen is cylindrical or somewhat 
flattened above ; it has seven dorsal plates in addition to the 
spine-bearing terminal segment. The trochanters are double, 
the outer division being, however, short ; the anterior tibia has 
only one spur ; the anal lobe of the posterior wings is large. 
The “ borer ” or ovipositor of the female is a remarkable organ ; 
it is held projecting directly backwards from the extremity of 
the body, and has the appearance of being a powerful sting. The 
apparatus is much longer than it appears, for it proceeds not 
from the apex of the lx)dy, but from the under-surface far for- 
wards, so that the part exposed is only about one-half of the total 
length ; it consists of a pair of elongate sheaths, which are easily 
separable though they wrap together, and enclose a slender tube. 
This tube is rigid and quite straight ; though appearing solid, it 
is really composed of two very perfectly adjusted laminae and a 
third arched piece or roof. The two lower laminae are called 
the spiculae ; they are serrated or grooved in a peculiar manner 
near the tip, and although so closely adjusted to the borer or 
upper piece of the tube as to appear to form one solid whole 
with it, they are said to be capable of separate motion. In 
addition to these parts, the termination of the abdomen bears 
above a shorter piece that projects in a parallel plane, and forms 
a sort of thick spine above the ventral pieces we have described ; 
this process is very strong, and has in the middle of its under- 
face in Sirex gigas a membranous cavity, replaced in S. juvencua, 
according to Westwood, by a pair of minute pilose styles. The 
Insect, by means of this powerful apparatus, is enabled to deposit 
her eggs in the solid wood of trees, in which the larva sometimes 

penetrates to the depth of eight inches. 

Sirex gigas is one of the most remarkable of our British 
Insects, but is little known except to entomologists, being usual y 
rare. On the continent of Europe it is. however, an abundant 
Insect, especially in the neighbourhood of forests of fir-trees, 
and is a cause of considerable terror. As the Insect is no 
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capable of inflicting much injury to the person, it is probable that 
the peculiar ovipositor is believed to be a sting. The eggs are 
laid — it is said to the number of 100 — in the solid wood of fir- 
trees, but not in perfectly healthy wood ; the reason for this, it 
is thought, being that in a healthy tree the great affluence of sap 
caused by the burrows and presence of the Insect would be in- 
jurious to the latter. The Sirex will, however, attack a perfectly 
healthy tree immediately after it has been felled. The larva, small 
at first, enlarges its burrows as itself grows larger, and thus the 
wood of a tree may be rendered completely \iseless for trade pur- 
poses, although there may be very little outward indication of 
unsoundness. The larva (Fig. 342, C, larva of Trerrux') is a pallid, 
maggot-like creature, with six projections representing thoracic 
legs ; there are no other legs behind these, but some slight pro- 
tuberances take their place ; the terminal segment is enlarged, and 
bears a hard spine. There is a difference of opinion as to the 
duration of the life of the larva, KoUar saying that in seven 
weeks after the deposition of the egg the maggot is full fed, 
while others consider that it takes two years to attain this con- 
dition ; the latter statement is more probably correct, it being 
the rule that the life of wood-feeding larvae is more than usually 
prolonged. After becoming full fed, the Insect may still pass a 
prolonged period in the wood before emerging as a perfect Insect. 
As a result of this it not infrequently happens that the Insect 
emerges from wood that has been carried to a distance, and used 
for buildings or for furniture. A case is recorded in which large 
numbers of a species of Sirex emerged in a house in this country 
some years after it was built, to the great terror of the inhabi- 
tants. The wood in this case was supposed to have been brought 
from Canada. 

Fabre has studied > the habits of the larva of Sirex augur, 
and finds that it forms tortuous galleries in the direction of the' 
longitudinal axis of the tree or limb, and undergoes its meta- 
morphosis in the interior, leaving to the perfect Insect the task 
of finding its way out ; this the creature does, not by retracing 
its path along the gallery formed by the larva, but by driving a 
fresh one at right angles to the previous course, thus selecting 
the shortest way to freedom. By what perception or sense it 
selects the road to the exterior is quite unknown. Fabre is not 

‘ &>uwnt*r« «niomologiq\u$ : qaatrlime sirie, 1891 , p. 808 . 
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able to suggest any sort of perception that might enable the larva 
to pursue the right course, and considers it must be accomplished 
by means of some sensibility we do not possess. Fabre’s observa- 
tion is the opposite of what has been recorded in the case of S. 
gigas, where the larva is said to prepare the way for the exit of 
the perfect Insect. 

Individuals of Sirex are often foiind in dried and solid wood, 
encased by metaL When the Insect finds itself so confined, it 
gnaws its way through the metal, if this be lead, and escapes. 
The perseverance displayed by the Insect in these circumstances 
seems to indicate a knowledge of the direction in which liberty 
is to be found. 

About 100 species of Siricidae are known. They form two 
sub-families : — 

1. Siricidet; back of head nearly or quite contiguous with the pronotuui. 

2. Xypkidnidet : back of head separated from the pronotum by an elongate 

neck. 

We are reputed to possess in Britain two species of each of 
these sub-families, but it is doubtful whether more than one 
Siricid is truly native. Sirex gigaa is frequently brought over 
in timber, and certainly breeds at times freely in Britain. Mr. 
Leech has recorded the occurrence of the larvae in abundance 
in fir-trees in the neighbourhood of Dublin. Sirex juveneus 
is more rarely met with. Xyphidria camelxts is doubtless a 
native, though now apparently rare. It used to occur about old 
willows, near London, in the New Forest, and, I believe, also 
in the neighbourhood of Cambridge. 

Fam. IV. Tenthredinidae — Sawflies. 

Symertoptera Sessiliventres, having the pronotum email, accurately 
adapted to the mesonotum ; the anterior lobe qf the latter ie 
widely separated from the posterior ; there are two spurs on 
the anterior tibiae. The larvae usually live on leaves after 
the manner of caterpillars, hut a few inhahii galls. 

The sawflies are an important family of Insects, their species 
being numerous, while some of them are, in the larval state, very 
destructive to vegetables and fruit. Being quiet creatures, rarely 
seen on the wing, they ere, though common Insects in this 
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country, but little known> and few persons recognise a sawdy os 
such. They are usually of small or moderate size, and the 
niunerous species have a great family resemblance. This remark 
requires some qualification in the case of the Cimbicides, they 
being Insects of laiger size — usually surpassing the honey-bee — 

of more robust structure, 
and with greater powers of 

The antennae are re- 
® n4 ~ 7 markably variable in form 
y and structure. Cameron 

considers that nine should 
taken as the normal 
/ *»omber of their joints ; 

but there are only three 
in Sylotoma, while in Lyda 
there may be forty or more. 
vHH^ The head is usually held 

closely applied to the 
J ^ thorax, but is really borne 

Pio. 848. —Lcphyrtu pint BriUiD. A. i^rva ; on a neck capable of much 

&«” v'^i.Kir elongation (Fig. 332). 

The pronotum forms a 
part of the alitrunk, but is not soldered thereto. Usually the 
prostemum is more or less completely concealed by the side- 
pieces, but in Cimbicides it is larger and conspicuous, the side- 
pieces being in this group smaller than usuaL The dorsal 
pieces of the mesothorax have their relative proportions different 
to what we find them in the other &milies of Sessiliventres, and 
even in most of the other Hymenoptera. There is first an 
antero-median lobe of triangular shape projecting, like a wedge, 
far backwards, into the great lateral lobes. These latter form 
the larger part of the area of the mesonotum ; they meet together 
in the middle line, and behind are separated by a deep depression 
from the posterior lobe, or scutellum of the mesothorax, which 
18 frequently divided into two parts, the anterior being the so- 
called scutiun. The pieces of the metauotum are short and 
obscure, owing to the great unevenness of their parts ; on each 
side of the middle there is a small membranous space of pallid 
colour. The cencbri, as these spaces are called, are, in £yda. 
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delicate, membranous, depressed spaces, in front of each of which 
there stands up a flap of membrane. The function of the cenchri 
is quite unknown. The median plate is fastened to the hind 
margin of the metanotum, and looks quite like one of the dorsal 
plates of the following abdominal segments, from which, however, 
it is separated by a more or less conspicuous membrane. In 
the majority of the Tenthredinidae the median plate is divided 
along the middle, but in the Cimbicides this is not the case. 
The mesosternum is very large, and the metastemum small, 
so that the middle and hinder pairs of coxae are placed close 
together. The abdomen consists of nine segments, there being 
eight dorsal plates in addition to the median plate, and seven 
ventral plates besides the terminal armature. There is a pair of 
short cerci, each of a single segment. The trochanters are 
divided ; each tibia bears two spurs at the extremity, and the 
tarsi are 5-jointeci 

The most characteristic and interesting of the structures with 
which the Insects of this family are provided is the apparatus 
from which the name of sawfly is derived. As long as two 

centuries ago these instru- 
ments excited the admira- 
tion of Vallisnieri and of 
Beaumur, who described 
them at length ; and it is 
truly astonishing that any 
part of a living being 
should be changed into 
tools so mechanically per- 
fect as these saws are 
(Fig. 344). They serve 
the purpose of assisting 
the female in depositing 
the eggs in a suitable 
situation, the place selected 
being frequently the ten- 
der stems of shrubs or 
other plants, or the in- 
terior of leaves. These 
organs are therefore of 
They are placed on the 


Cfc- 



Fio. S44. — Sawa of Cimbex ^Ivarum. A, The 
pair spread out and placed in a horizontal post* 
lion ; the lower marglii of the saw proper ; 
bf the upper margin of the support : two 

teeth of the saw more highly magnified* 

course possessed only by the female. 
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lower aspect of the hinder extremity of the body, where they 
are enclosed and protected by a pair of sheaths, from which 
they can be made to protrude by a little pressure exercised on 
the parts immediately in front of them. Each female possesses 
a pair of these saws ; they consist of thin laminae of very 


hard consistence, and are not only toothed at their edge, but in 


many cases each tooth is itself serrate ; at the same time the 
outer face of the saw is sculptured or plicate in a remarkable 
manner, so that the saw in this way acts as a file or rasp. The 
Insect having selected a suitable place, uses the saws by placing 
the extremity of the abdomen against a twig or leaf, protruding 
the blades, which, moving with an alternate motion, one being 
thrust forward while the other is retracted, act on the plant so 
as to make an incision. Each saw is directed in its movement by 
the support, the pair of supports being imited at the base by 
membrane as shown in Fig. 344. In the case of some species, 
— Hylotoma rosae, the common sawfly of our rose-bushes, for 
instance — there is no difficulty in obwrving the operation ; in- 
deed old B^aumur, when speaking of the placid disposition of the 
sawfiies, suggests that it was given them so that we may easily 
observe their charming operations. We cannot but regret that 
in these days we are imable to take so complacent a view of the 
arrangements of nature. There is much variety in the details 
of the structure of these saws ; so much indeed that it is possible 
to identify most of the species by means of the saw alone. 
According to certain observers, the eggs are laid by some kinds 
on, not in, the leaves, so that we may conclude that in these 
cases the saws are not used by their possessors. An incision 
having been made, an egg is placed in it, and also a drop of some 
Uquid matter. The ^g is at first small, but soon increases till 
it becomes twice or three times its former size, and the develop- 
ment of the embryo commences. 

The larvae of the Tenthredinidae exhibit great variety, and 
are indeed in this respect more interesting than the perfect 
Insects. The usual rule is that the larvae much resembles 
those of I^pidopterous Insects, and feed exposed on plants in 
the same way as I^pidopterous larvae do. But the exceptions 
are numerous ; sometimes the larva is covered with slime, and 
thus protected from various enemies. In other cases it is very 
depressed, a broad creature, of irregular outUne, Uving closely 
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attached to the leaf, somewhat after the fashion of a huge scale- 
insect. Some larvae mine between the layers of a leaf, others roll 
up leaves ; a few live in the stems of plants, and one or two inside 
fruits. Even this does* not complete the list of their habits, for 
a few species of Neviatus live in galls caused by the deposition of 
the egg. A species of Lyda forms for itself a case out of bits of 
leaves, and carries this habitation about with it after the fashion 
of the Phryganeidae. The number of legs in these larvae is 
unusually great, varying from eighteen to twenty-two — that is, 
three pairs of thoracic legs and eight of abdominal or pro-legs. 
This character offers a ready means of distinguishing, in the majority 
of cases, these larvae from those of the Lepidoptera in which the 
number of legs varies, but is only from ten to sixteen ; moreover, 
the pi*o-legs in sawfiies are destitute of the circles of booklets 
that exist in Lepidoptera. This mode of identifying the 
immature stages of the Tenthredinidae is not, however, always 
satisfactory, as there are some of these larvae that have no pro- 
legs at all, but only the three thoracic pairs. Another point of 
distinction exists, inasmuch as the larvae of the sawdies have 
only one ocellus on each side of the head, whereas in the Lepi- 
dopterous caterpillars the rule is that there are several of these 
little eyes on each side. In addition to this, we should mention 
that the Lepidopterous larva never has any pro-legs on the fifth 
body-segment, whereas in the sawfiies when pro-legs are present 
there is always a pair on the segment in question. 

These larvae are of various colours, but the patterns and 
markings they exhibit are not quite like those of the lapidoptera, 
though it would be difficult to make any correct general state- 
ment as to the nature of the differences. The variety of their 
postures is very remarkable; and in respect of these also 
Tenthredinidae differ considerably from Lepidoptera. Some of 
them hold the posterior part of the body erect, clasping the 
leaf by their anterior legs ; others keep the posterior part of the 
body curled up (Fig. 343, A), and some combine these methods 
by curving the posterior part of the body and holding it away 
from the food. These attitudes, like the general form, axe 
characteristic for each species. The //ematus larvae that inhabit 
galls possess all the characteristics of those that feed externally. 
As a rule the akin of the larva is naked and free from hair, but 
it is often minutely tuberculate, and in a few species it is armed 
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with remarkable forked spines. These spines may exist during 
part of the larval life, and completely disappear at one of the 
moults. The creatures are as a rule very sluggish, and move 
about much less than Lepidopterous larvae ; many of them, when 
alarmed, have the power of exuding a disagreeable liquid, either 
from the mouth or from pores in the skin ; in the latter case it 
may be sent as a sort of spray to some little distance from the 
body. This operation is said to be Very efficacious as a means 
of protecting the larvae from the attacks of parasitic flies that 
are desirous of laying eggs in their bodies. One peculiarity as 
to their colour has attracted the attention of Sdaumur and sub- 
sequent naturalists, namely, that in the case of many species a 
great change takes place in the colour diiring the life of the 
larva, and more especially at the period of the last moult. The 
change to the pupal state usually takes place in a cocoon, and 
some species have the peculiar habit of forming a double cocoon, 
the outer one being hard and coarse, while the inner is beauti- 
fully delicate. The cocoon is sometimes formed in the earth, 
and in that case it may be to a large extent composed of earthy 
matter. The Insect frequently remains a long time in its cocoon 
before emerging as a perfect Insect ; however long this time may 
be, it is nearly all of it passed in the larval state ; when the 
Insect does change to a pupa it speedily thereafter emerges as a 
perfect Insect. In the pupa the parts of the imago may be seen 
enveloped in a very delicate, transparent skin. 

In Brazil Didocerut dlisii, a sawfly allied to Sylotoma, 
constructs a nest in which the cocoons of many specimens 
^ crowded together, being packed side by side like the cells 
in the comb of the bee, while the whole mass is protected by 
a thick outer wall. It is not known in what manner this 
communal work is carried out, but it is interesting to note that 
the cocoons assume to a considerable extent the hexagonal form 
of the cells in the comb of the bee. Some doubt was expressed 
as to the interpretation put. on this structure by Curtis, but his 
observations have been confirmed by Smith and Peckholt 

Several species of sawflies are known to be very injurious to 
^ps. One of these— the sawfly of the turnip, Athalxa spinarum 
{fierU^olxae Panz.) — sometimes commits excessive depredations 
on the turnip cro^ in this country as weU as on the continent of 
Europe ; its life-history and anatomy were described by Newport 
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iu an essay published by the Entomological Society in 1838. 
The eggs, it appears, are laid singly at the edges of the leaves 
in the month of May, as many as 200 or 300 being deposited by 
one female ; as the parent flies are usually gregarious, appearing 
in large numbers in fields of turnips, it is not difficult to form an 
idea of the serious nature of their depredations. The egg grows 
very considerably ; the development ot the embryo is rapid, 
occupying, even in unfavourable weather, only seven or eight days, 
while in quite congenial circumstances it is probable that the 
eggs may hatch about the fourth day after their deposition. The 
young grub immediately begins to feed, and in about five days 
changes its skin for the first time ; it repeats this operation twice 
at similar or slightly longer intervals, the third moult thus occur- 
ring when the larva is three or four weeks old ; it is then that the 
larva begins to be most destructive. Sunshine and warm weather 
are very favourable to it, and under their influence it grows so 
rapidly that in a few days a field may be almost completely 
stripped of its foliage. This larva is of a sooty black colour, 
and will live on other Cruciferous plants q\iite as well as on the 
turnip. When full grown it buries itself to a slight depth imder 
the surface of the earth, and forms an oval cocoon of a firm 
texture, and with many particles of earth closely adherent to it. 
The perfect fly emerges towards the end of July, and a second 
brood will be produced in the same season if circumstances 
are favourable ; in that case the resulting larvae enter the 
ground for the formation of their cocoons in September or 
October, and pass the winter in their cocoons, but still in the 
larval state ; changing to pupae in the following spring, and 
appearing as perfect Insects in May. From this account it 
appears not improbable that the offspring of a single female 
existing in the April of one year may amount by the following 
May — three generations having been passed through in the 
interval — to as many as 27,000,000 larvae. Fortunately the 
creatures are, as Frauenfeld observed, destroyed in very large 
numbers by a parasitic fungus and by a Nematode {FUaria). 

We have, earlier in the chapter, alluded to the fact that the 
phenomena of parthenogenesis prevail somewhat extensively 
among sawfliea It is the rule in the family that males are 
very much leas numerous than females, and there are some species 
of which no males have been discovered. This would not be of 
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itself certain evidence of the occurrence of parthenogenesis, but 
this has been placed beyond doubt by taking females bred in con- 
finement, obtaining unfertilised eggs from them, and rearing the 
larvae produced from the eggs. This has been done by numerous 
observers with curious results. In many cases the partheno- 
genetic progeny, or a portion of it, dies without attaining full 
maturity. This may or may not be due to constitutional weak- 
ness arising from the parthenogenetic state. Cameron, who has 
made extensive observations on this subject, thinks that the 
parthenogenesis does involve constitutional weakness, fewer of 
the parthenogenetic yoimg reaching maturity. This he suggests 
may be compensated for — when the parthenogenetic progeny is 
all of the female sex — by the fact that all those that grow up 
are producers of eggs. In many cases the parthenogenetic young 
of Tenthredinidae are of the male sex, and sometimes the abnormal 
progeny is of both sexes. In the case of one species — the com- 
mon currant sawfly, Nematus ribesii — the parthenogenetic progeny 
is nearly, but not qmte, always, entirely of the male sex ; this 
has been ascertained again and again, and it is impossible in 
these cases to suggest any advantage to the species to compensate 
for constitutional parthenogenetic weakness. On the whole, it 
appears most probable that the parthenogenesis, and the special 
sex produced by it, whether male or female, are due to physio- 
logical conditions of which we know little, and that the species 
continue in spite of the parthenogenesis, rather than profit by it. 
It is worthy of remark that one of the species in which partheno- 
genesis with production of males occurs — Nematus ribesii — is 
perhaps the most abundant of sawfiiea. 

.Mthough many kinds of Insects display the greatest solicitude 
and ingenuity in providing proper receptacles for their eggs, and 
in storing food for the young that will be produced, there are 
extremely few that display any further interest in their descend- 
ants; probably, indeed, the majority of Insects die before the 
eggs are hatched, one generation never seeing the individuals of 
another. It is therefore interesting to find that a fairly well 
authenticated case of maternal attachment, such as we have 
previously alluded to as occurring in earwigs, has been recorded 
in Perga lewisii, an Australian sawfly of the sub-family Cim- 
bicides. The mother, having deposited about eighty eggs on 
the leaf of a Eucalyptus, remains with them until they hatch. 
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after which she sits over her brood with outstretched legs, and 
with admirable perseverance protects them, so far as she is able, 
from the attacks of parasites and other enemies ; she quite 
refuses to be driven away from her charges. Mr. Lewis, to 
whom we are indebted for this accoimt,^ states that the sawfly 
does not recognise her own special brood, but will give equal 
attention to another brood if she be transferred thereto ; and he 
adds that many of the batches of larvae were destitute of any 
maternal guardian. 

There are about 2000 species of sawflies known. A large 
majority of them are found in the European and North American 
regions ; still, a good many are known to live in South America, 
and Perga — one of the genera of the family containing many 
species of large size — is peculiar to the Australian region. 
Although the family includes so many species, very few anomalies 
of structure have been detected in it; one species, Pompholyx 
dimorpha Freymuth, is described as being apterous in the female, 
and as having the thorax curiously modified in its form. There 
are no very small Insects in the family, and none over the middle 
size. Nearly 400 species have been detected in Britain; this 
number could certainly be increased by persevering researches. 
The palaeontological record has hitherto given only a very 
meagre evidence about sawflies. Several species have 
preserved in amber, and three or four are known from Tertiary 
strata in Europe and North America. 

^ Tr. eiU* Soc* i. 1836, p. 232# 
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HYMENOPTERA PETIOLATA PARASITIC HTMENOPTERA CTNIPIDAE 

OR GALL-FLIES PROCTOTRYPIDAE CHALCIDIDAE ICHNEU- 

MONIDAE BRACONIDAE STEPHANIDAE MEGALYRIDAE 

EVANIIDAE PELECINIOAE TRIGONAUDAE. 

We now pass to the consideration of the Hymenoptera jf the 
aub-Order Petiolata. or Apocrita, as they are styled by Brauer. 
We should make use of the term PetioUventres, for it contrasts 
naturally by its termination with Sessiliventres, were it not that 
the word is so uncouth that we think it better to adopt the 
shorter and more euphonious expression, Petiolata. 

The members of this sub-Order, without exception, have the 
hind body connected with the thorax by means of a deep con- 
striction, so that the base of the abdomen (Fig. 336, B, b) is 
very narrow • the artic\ilation between the two parts is effected 
by means of a complex joint allowing great play, and facilitating 
the operations of boring and stinging, processes that are of 
extreme importance in the economy of the great majority of the 
species. The petiole is sometimes extremely short, but it may 
be so long that it appears like a stalk, at whose extremity is 
borne the remaining part of the abdomen (Fig. 369). When 
the petiole is very short the abdomen reposes close to the back 
of the thorax (Fig. 331, C), and in this case the abdomen is 
usually described as sessile ; while, when it is evidently stalked, 
it is said to be petiolate. These terms are, however, unsuitable, 
as the words sessile and petiolate should be reserved for the 
conditions characteristic of the two sub- Orders. We shall 
therefore use the terms pseudo-sessile and pedicellate for the 
two conditions of the Petiolata. 

The Hymenoptera Petiolata comprises an enormous majority 
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of the Order. Although it includes many of the most interest- 
ing and important of Insects, its classification 
is but little advanced, for a great many of 
the forms are still rare or unknown. Three 
series may be adopted for the purposes of 
nomenclature. 

1. Parasitica . — Trochanters of two pieces, 
female with an ovipositor. 

2. TvhvXifera . — Trochanters undivided ; ab- 
domen consisting of only three, four, or five 
visible segments. 

3. Aculeatcu — Trochanters undivided; abdo- 
men consisting of six or seven visible segments ; 
female furnished with a retractile sting. 

In the absence of any clear distinction 
Fio. 345.— Divided (di- between stiDg and ovipositor, these group., are 
trochou5)^hMt«r conventional The character furnished 

a, coxa ; b, the two by the trochanters is unfortunately subject to 

divisiona of the tro- •' .. ,, , . « ... 

chanter ; c, femur, some exceptions, there being a lew parasitic 

{For monotrociwua fonns in which the trochanters are not divided, 
trochanter see Fig. , ^ , i . ^ 

385, A, c.) and a few aculeates in which the reverse 

is more or less distinctly the case ; moreover. 



the division, when it exists, is in some cases obscure, and the two 
pieces are of unequal size. Batzebui^ calls the upper division, 
which is fiiequently much larger than the other, the trochanter, 
and the lower division the apophysis. There is much reason 
for believing that the apophysis is really merely a secondary 
division of the femur. The Tubulifera are a comparatively small 
group, and will probably be merged in one of the other two, 
when the anatomy and morphology of the abdomen have been 
more thoroughly elucidated. 


Hymenoptera Parasitica or Terebrantia. 

This is one of the most extensive divisions of the class 
Insecta. There can be little doubt that it captains 200.000 
species, and possibly the number' may be veiy much greater than 
this. It is, however, one of the most neglected of the great 
groups of Insects, though it is perhaps of greater economic 
importance to mankind than any other. 
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Insects derive their sustenance primarily from the vegetable 
kingdom. So great ana rapid are the powers of assimilation of 
the Insect, so prodigious its capacity for multiplication, that the 
Mammal would not be able to compete with it were it not that 
the great horde of six-legged creatures has divided itself into two 
armies, one of which destroys ^he other. The parasitic Hymen- 
optera are chiefly occupied in destroying the tribes of vegetarian 
Insects ; the parasites do this by the simple and efficient device 
of dwelling in the bodies of their hosts and appropriating the 
nutriment the latter take in. The parasites do not, as a rule, 
eat the structures of their host, — many of them, indeed, have 
no organs that would enable them to do this, — but they 
absorb the vegetable juices that, in a more or less altered state, 
form the lymph or so-called blood of the host. The host could 
perhaps starve out his enemies by a judicious system of absten- 
tion from food ; instead, however, of doing this, he adopts the 
suicidal policy of persistent eating, and as the result of his 
exertions, furnishes sufficient food to hie parasites, and then 
dies himself, indirectly starved. Batzeburg considers that the 
traditional view that the larvae of parasitic Hymenoptera live 
by eating the fat-body of their host is erroneoua They imbibe, 
he considers, the liquid that fills the body of the parasitised 
Insect.^ 

The wide prevalence of Insect parasitism is appreciated only 
by entomologists The destructive winter moth — Cheimatobia 
brumata — is known to be subject to the attacks of sixty-three 
species of Hymenopterous parasites. So abundant are these 
latter that late in the autumn it is not infrequently the case 
that the majority of caterpillars contain these destroyers. Al- 
though I^pidoptera are very favourite objects with parasitic 
Hymenoptera, yet other Insects are alftn pertinaciously attacked ; 
there is quite a host of Insect creatures that obtain their susten- 
ance by living inside the tiny Aphididae, or “ green-flies," that 
so much annoy the gardener. A still larger number of parasites 
attack eggs of Insects, one or more individuals finding sufficient 
sustenance for growth and development inside another Insect's 
egg. As Insects have attacked Insects, so have parasites attacked 
pATasites, and the phenomena called byperparasitism have 
developed. These cases of secondary parasitism, in which anothei 

^ l€k%e%monen der FontinteeCenf i. 1844, p. 86. 
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species attacks a primary parasite, are extremely numerous. It 
is also pretty certain that tertiary parasitism occurs, and Eiley 
is of opinion that even quaternary destruction is not outside the 
range of probability. 

The physiological problems connected with Insect parasitism 
are of great interest to the entomologist ; the modes of nutrition 
and respiration of these encaged creatures could not fail to be 
most instructive were we fully acquainted with them. It is 
obvious that when an Insect-egg is laid inside another Insect’s 
egg, and the parasite has to undergo the whole of its growth 
therein, it is in the strangest condition as regards nutrition. It 
is unnecessary for the intruded egg to have yolk of its own ; 
moreover, the embryonic mode of nutrition may be continued 
during what would, with other Insects, be the larval period. 
And it seems to be the case that both these conditions are 
actually met with in the lives of egg-parasites. The embryology 
and post-embryonic development of parasitic Hymenoptera have 
already been ascertained to be of the most extraordinary nature. 
Great variety, however, will no doubt be found to exist, as will be 
readily understood if we tabulate the conditions of the early life 
of various parasitic Hymenoptera. 

1. The egg may be laid outside a larva, and the embryonic 
and larval developments may both be passed on the exterior. 

2. The egg may be laid and the embryonic development 
passed through, outside the host, but the parasite on hatching 
may enter the host, so that the post-embryonic development is 
passed in the lymph of the host. 

3. The egg may be laid inside the host, both embryonic and 
post-embryonic developments being gone through in the fluids of 
the host. 

4. The egg may be laid inside another egg, the embryonic 
and post-embryonic developments being passed therein. 

We shall find that all these conditions exist in the Insects 
we are about to consider. 

We shall treat the series as composed of ten families ; but 
we must remind the student that this great subject is still in a 
very unadvanced state ; the combined eflbrts of generations of 
naturalists will be required to perfect it. Of the ten families 
five are comparatively insignificant in number of species. Many 
of the Cynipidae are not parasitic in habits, but live in galls. 
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After what we have said as to the mode of nutrition of parasites 
it will be understood that the phjsiological conditions of life 
may not be so different in a gall-dweller and a parasite as would 
at first be supposed ; and it is perhaps not a matter for much 
surprise that good characters cannot be found to separate the 
galHcolous from the parasitic forms. 


Fam. I. Oynipidae — Gall-flies. 

Wings ivith very fe\o cells, with no dark patch (stigmci) on the 
anterior margin ; pronotum fixed to the mesonotum, and at 
each side extending hack to the point of irisertion of the 
front wing. Antennae not elbowed hut straight, composed of 
a moderate number i^l^-15') of joints. Early stages passed 
either in galls or as parasites in the bodies of other Insects. 


The Cynipidae are always small, frequently minute. Insects ; 
usually black or pitchy in 

colour. The simple struo y ^ t 

ture of the antennae and 

thenumber of their joints are \\// ^ • y 

of importance as an aid in 
identifying a Cynipid. The 

mesonotum is usually re- ^ 

markably convex, and has, / I B I \ 

behind, a prominent scutel- / i ” I \ 

lum, which more or less over- f \ 

hangs the small metanotum * ' 

and the median segment; Britain. 


these are perpendicular in their direction ; the scxUptuie of these 
posterior parts of the alitnmk is ustially deep and remarkable. 
The abdomen has usually only a short petiole, so as to be pseudo- 
sessile ; but there are some genera in which this part is rather 
long. The abdomen is generally so very much changed in outer 
form that its structure is not easily understood. The visible por- 
tion is frequently in larger part made up of the greatly enlarged 
dorsal plate of the second or third segment, or of both. These 
large plates are really chiefly composed of free flaps, and on lift- 
ing them up the large ventral plates are disclosed, although these 
appeared previously to be nearly or quite absent. In the female 
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there is a very slender ovipositor, of which only a small part pro- 
trudes, although the organ is really elongate ; it is drawn into the 

abdomen by means of a peculiar 
series of structures, the modi- 
fied terminal segments to which 
it is attached being folded over 
into the interior of the body 
in such a way that the pos- 
terior part becomes situated 

anteriorly. In conformity with 
this arrangement, the oviposi- 

Fia. ZiT.-OviposiUyr of latvius. ^^uble On itself, 

cuius. (After Adler.) «, a. The ovi- the anterior and the middle 

portions of the borer being 

carried into the body, leav- 
ing only a small part projecting beyond the extremity. The 
Cynipid ovipositor is an instrument of much delicacy, and 
is capable of a great deal of movement ; it is usually serrate 
just at the tip, and although it looks so very different from the 
cutting apparatus of the sawflies (Fig. 344), it seems that it is 
really composed of pieces similar in their origin to those of the 
Tenthredinidae. 

Tlie wings frequently bear fine hairs ; the paucity of nerv- 
ures and the absence of the ** stigma ” are of importance in 
the definition of the family. The most important of the cells is 
one called the radial cell, situate just beyond the middle of the 
front part of the wing. 

We cannot enter into a consideration of the classification of 
the family, as authorities are not agreed on the subject' As 
regards their habits Cynipidae are, however, of three different 
kinds: (1) the true gall-flies, or Psenides, which lay an egg or 
eggs in the tissues of a growing plant, in the interior of which 
the larva lives after it is hatched ; this mode of life may or 
may not, according to the species, be accompanied by formation 
of. a peculiar growth called a gall: (2) Inquilines,* or guest-flies; 


* Sea Cameron, Srit. Bym. iiL Ray Soo. 1890, p. 162. ^ 

* The term inquiline ia applied In entomology to a great variety of condition! 
covered by tlie Latin word "inquilinus” (incolinua), aignifying a tenant or dweller 
in another’s property. The term parasite is used in a still wider and vaguer 
being in fact applied to a large number of cases, in many of which we do 
present understand the exact relations between the two parties ©oncemed. Tnl! 
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these lay their eggs in the galls formed by the gall-makers 
subsequent to the growth of the galls, of which they obtain 
the benefit: (3) Parasites; these live, like most Ichneumon-flies, 
in the interior of the bodies of other living Insects ; they prey 
on a considerable variety of Insects, but chiefly, it is believed, on 
Aphididae, or on Dipterous larvae. These parasitic flies belong 
to the sub-family Figitides. 

A great deal of discussion has occurred relative to the nature 
and origin of galls, and many points still remain obscure. Con- 
siderable light has been thrown on the subject by the direct 
observations of modern naturalists. Previous to Malpighi, who 
wrote on the subject two hundred years ago, it was supposed that 
galls were entirely vegetable productions, and that the maggots 
found in them were due to spontaneous generation, it having been an 
article of belief in the Middle Ages that maggots in general arose 
from the various organic substances in which they were foimd, by 
means of the hypothetical process called, as we have said, spon- 
taneous generation. Malpighi was aware of the unsatisfactory 
nature of such a belief, and having found by observation that 
galls arose from the punctures of Insects, he came to the further 
conclusion that the growth of the gall was due to the injection 
by the Insect into the plant of a fluid he termed Ichor, which 
had, he considered, the effect of producing a swelling in the plant, 
something in the same way as the sting of a bee or wasp 
produces a swelling in an animaL K^aumur also made observa- 
tions on the gall-insects, and came to the conclusion that the 
latter part of Malpighi’s views was erroneous, and that the swell- 
ing was not due to any fluid, but simply to irritation caused by 
the prick ; this irritation being kept up by the e^ that was 
deposited and by the subsequent development of the larva. 
Observations since the time of Reaumur have shown that the 
matter is not quite so simple as he supposed, for though in the 
case of some galls the development of the gall commences immedi- 
ately after the introduction of the egg, yet in other cases, as in 
the Cynipidae, it does not occur till some time thereafter, being 
delayed even imtil after the hatching of the egg and the com- 
mencement of the development of the larva. Galls are originated 

subject is no doubt destinod to become » most interesting dopertment of entomology. 
See Biley, P . ent. Soe. fyashington, iL 189S, p. 397 ; and Wasmann, ZuaaaimntgeseiX’ 
Un Nater^ etc., 1891. 
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by a great variety of Insects, as well as by mites, on many plants ; 
and it must not be concluded that a gall has been formed by 
Hymenoptera even when these Insects are reared firom one. 
Extremely curious galls are formed by scale-insects of the sub- 
family Brachyscelides on Eucalyptus trees in Australia; they are 
much inhabited by parasitic Hymenoptera, and Froggatt has 
obtained 100 specimens of a small black Chalcid from a single dead 
Brachyscelid.* The exact manner in which many of tlieae galls 
OSiginate is not yet sufficiently ascertained ; but the subject of 
galls resulting from the actions of Cynipidae has received 
special attention, and we are now able to form a conception 
of their nature. They are produced by the meristematic or 
dividing tissue of plants, and frequently in the cambium 
zone, which is caused to develop to an unusual extent, and 
in a more or less abnormal manner, by the presence of the 
Insect. The exact way in which a Cynipid affects the plant is 
perhaps not conclusively settled, and may be found to differ in 
the cases of different Cynipidae, but the view advocated by Adler 
and others, and recently stated by Riley,’’ seems satisfactory ; it 
is to the effect that the activity of the larva probably affects 
the meristem, by means of a secretion exuded by the larva. 
The mere presence of the egg does not suffice to give rise to the 
gall, for the egg may be deposited months before the ^11 ^8^ 
to form. It is for the same reason improbable that a fluid injected 
by the parent fly determines the gall's growth. It is true that 
the parent fly does exude a liquid during the act of oviposition, 
but this is believed to be merely of a lubricant nature, and not to 
influence the development. It is said that the gall begins to forin 
in some cases before the larva is actually hatched, but the eggs of 
some Hymenoptera exhibit remarkable phenomena of growth, so 
that the egg, even during development of the embryo in it, may 
in these cases, exert an influence on the meristem. It is to 
reactions between the physiological processes of the meristem 
and the growing Insect that the gall and its form are due. 

The investigations of several recent naturalists lend support 
to the view that only the* meristematic cells of the plant ^ 
give rise to a gall. Riley says that the rate of growth of the 
gall is dependent on the activity of the meristem, galls on cat- 

1 P. Linn. Soc. N. S. Walts (2), viL 1892, p. 867. 

* Science (n.8»), L 1896| p# 467. 
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kins developing the most quickly ; those forming on young leaves 
also grow with rapidity, while galls formed on bark or roots may 
take months to attain their full size. 

It is a curious fact that Cynipid galls are formed chiefly on 
oaks, this kind of tree supplying a surprising number and variety 
of galls. The plants that furnish Cynipid galls in Europe are 
not numerous. A list of them is given by Cameron.^ Several 
species, of the genus Rhodites, attack rose-bushes. One of the 
best known of our British galls is the bedeguar, found in various 
parts of the coxmtry on both wild and cultivated rose-bushes (Fig. 
348), and caused by Rhodites rosas (Fig. 349). This gall has 


Fio. 346.-^BedegnAr 
on rose» cut across 
to show the cells 
of the larvae ; in 
some of the cells 
larvae are seen. 


the appearance of arising from a twig or stem, but it is really a 
leaf galL Pazlavsky* has described the mode of formation of 
the bedeguar. The female Rhodites in the spring selects a rose- 
bud — not a flower-bud — that shoxild produce a twig and leaves, 
and pricks this bud in a systematic manner in three places. The 
three spots of the bud pricked by the Insect are the three unde- 
veloped leaves that correspond to a complete cycle in the phyllo- 
taxis of the plant. The three rudiments do not develop 
into leaves, but by a changed mode of growth give rise to the 
bedeguar. XJsuaUy this gall, as shown in our figure, is of 
large size, and contains nmnerous cells ; but abortive specimens 
are not infrequently met with ; sometimes a small one is seated 
on a rose-leaf, and it is thoxight that these are due to a failure 
on the part of the Insect to complete the pricking operation. 

* Say Soc. Tol. iv. 1893, p. 24. 

Ternu FQ£€iek, v. 1882, p, 188, and BicL CwtralbL ii 1882, p. 617. 
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Fio. 349 . — RhodiUs rc^aty female* 
Cambridge. 


Cynipidae will not go through their gall-making operations except 
under natural conditions. Giraud ^ attempted to obtain oviposi- 

tion, on gathered twigs of oak, 
from flies in confinement ; but, 
although he experimented with 
thousands of specimens, they on 
no occasion laid their eggs in 
the fresh shoots placed at their 
disposal, but discharged their 
eggs in little heaps, without 
attention to the twigs. The 
same observer has also called 
attention to the fact that after 
being deposited in a bud the eggs 
of certain species of Cynics will 
remain dormant without produc- 
ing, so far as can be seen, any effect on the tree for a period 
of fully ten months, but when the bud begins to develop and 
the egg hatches then the gall growa 

The exact mode in which the egg is brought to the requisite 
spot in the plant is still uncertain. The path traversed by the 
ovipositor in the plant is sometimes of considerable length, and 
far from straight ; in some cases before it actually pierces the 
tissues, the organ is thrust between scales or through fissures, so 
that the terebra, or boring part of the ovipositor, when it reachw 
the minute seam of cambium, is variously curved and flexed 
Now as the canal in its interior is of extreme tenuity, and 
frequently of great length, it must be a very difficult matter for 
the egg to reach the tissue where it should develop. The egp 
of Cynipidae are very remarkable bodies ; they are very ductUe. 
and consist of a head, and of a stalk that in some cases is five or 
six times as long as the head, and is itself somewhat enlarpd at 
the opposite end Some other Hymenoptera have alw stalked 
eggs of a similar kind (Fig. 367, A, egg of Ztucospis). It hw 
l^n thought that this remarkable shape permits of the content 

* Ann. Soe. ent. France (4), vi 1866, p. 198. 
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the egg really passes along the canal of the borer. Hartig 
thought that it did so, and Kiley supports this view to a limited 
extent. Adler, however, is of a different opinion, and considers 
that the egg travels in larger part outside the terebra. It should 
be remembered that the ovipositor is really composed of several 
appendages that are developed from the outside of the body j 
thus the external orifice of the body is morphologically at the 
base of the borer, the several parts of which are in longitudinal 
apposition. Hence there is nothing that would render the view 
of the egg leaving the ovipositor at the base improbable, and 
Adler supposes that it actually does so, the thin end being 
retained ^tween the divisions of the terebra. Riley is of opinion 
that the act of oviposition in these Insects follows no uniform 
system. He has observed that in the case of Callirhytis clawla, 
ovipositing in the buds of Qnercus alba, the eggs are inserted by 
the egg-stalk into the substance of the leaf, and that the egg- 
fiuids are at first gathered in the posterior end, which is not 
inserted. ** The fluids are then gradually absorbed from this 
exposed portion into the Inserted portion of the egg, and by the 
time the young leaves have formed the exposed [parts of the] 
shells are empty, the thread-like stalk has disappeared, and the 
egg-contents are all contained within the leaf tissue.” He has 
also observed that in Biorhxza nigra the pedicel, or stalk, only is 
inserted in the embryonic leaf-tissue, and that the enlarged portion 
01 ^ egg-body is at first external. The same naturalist also records 
that in the case of a small inquiline species, Ceropiret politus, the 
pedicel of the egg is very short, and in this case the egg is thrust 
down into the puncture made by the borer, so that the egg is 
entirely covered. 

Some Cynipidae bore a large number of the channels for their 
eggs before depositing any of the latter, and it would appear that 
it is the rule that the boring of the channel is an act separate 
from that of actual oviposition. Adler distinguishes three stages : 
(1) boring of the canal ; (2) the passage of the e^ from the base 
of the ovipositor, where the ^g-stalk is pinched between the two 
spiculae and the egg is pushed along the ovipositor ; (3) after the 
point of the ovipositor is withdrawn, the egg-body enters the 
pierced canal, and is pushed forward by the ovipositor until it 
reaches the bottom.* 

4 

» Adler and Stnton. AUemating Otnmtiota, 1894. p. 119 . 

VOL. V O ,, 
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About fifty years ago Hartig reared large numbers of certain 
species of gall-flies from their galls, obtaining from 28,000 galls 
of Cynips disticha about 10,000 flies, and from galls of C.folii 
3000 or 4000 examples of this species; he found that all the 
individuals were females. His observations were subsequently 
abundantly confirmed by other naturalists, among whom we 
may mention Frederick Smith in our own coimtry, who made 
in vain repeated attempts to obtain males of the species of the 
genus Cynips. On one occasion he collected in the South of 
England 4410 galls of C. kollari (at that time called C. ligni- 
cola), and from these he obtained 1562 flies, all of which wei*e 
IViaales. A second effort was attended with similar results. Hartig, 
writing in 1843, after many years’ experience, stated that though 
he was acquainted with twenty-eight species of the genus Cynips, 
he had not seen a male of any one of them. During the course 
of these futile attempts it was, however, seen that a possible 
source of fallacy existed in the fact that the Insects were reared 
from collected galls ; and these being similar to one another, 
it was possible that the males might inhabit some different gall. 
Adler endeavoured to put the questions thus raised to the test 
by means of rearing females from galls, and then getting these 
females to produce, parthenogenetically, galls on small oaks planted 
in pots, and thus completely imder control He was quite 
successful in carrying out his project, and in doing so he made a 
most extraordinary discovery, viz. that the galls produced by these 
parthenogenetic females on his potted oaks, were quite different 
from the galls from which the flies themselves were reared, and 
were, in fact, galls that gave rise to a fly that had been previously 
considered a distinct species ; and of this form both sexes were 
produced. Adler’s observations have been confirmed by other natu- 
ralists, and thus the occurrence of alternation of generations, one 
of the two generations being parthenogenetic, has been thoroughly 
established in Cynipidae. We may mention one case as illustrat- 
ive. A gall-fly caUed ChUaspis lourii is produced from galls on 
oak-leaves at Vienna at the end of April, both sexes occuctj^. 
The female thereafter lays eggs on the ribs of the l^ves of t e 
same kind of oak, and thus produces a different gall from tha 
which nourished herself. These galls faU off with the leaves in 
the autumn, and in July or August of the foUowing yew a gaU- 
fly is produced from them. It is a different creature from the 
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mother, and was previously known to entomologists under the 
name of Chilaspis nitida. Only females of it occur, and these 
parthenogenetic individuals lay their eggs in the young buds of the 
oak that are already present in the autumn, and in the following 
spring, when the buds open and the leaves develop, those that 
have had an egg laid in them produce a gall from which Chilaspis 
lowii emerges in April or May. In this case therefore the cycle 
of the two generations extends over two years, the generation 
that takes the greater part of the time for its production con- 
sisting only of females. Adler’s observations showed that, though 
in some species this alternation of generations was accompanied 
by parthenogenesis in one part of the cycle, yet in other species 
this was not the case. He found, for instance, that some gall- 
flies of the genus AphUothrix produced a series of generations 
the individuals of which were similar to one another, and were 
all females and parthenogenetic. In some species of the old 
genus Cynips no males are even yet known to occur. A very 
curious observation was made by the American, Walsh, viz. that 

some pro- 
duced speedily a number of both sexes of Cynips spongifica, while 
much later on in the season the remainder of the galls gave rise 
to females only of an Insect called Cynips aoicvlatcu It is be- 
lieved that the galls gathered by Walsh ^ were really all one 
species ; so that parts of the same generation emei^e at different 
times and in two distinct forms, one of them parthenogenetic, the 
other consisting of two sexes. It has, however, been suggested 
that Cynips spongifica and C. aciexdata may be two distinct species, 
producing quite aimilftr 

Turning now to the questions connected with inquiline or 
guest-flies, we may commence with drawing attention to the 
great practical difficulties that surround the investigation of 
this subject. If we open a number of specimens of any kind of 
gall it is probable that several kinds of larvae will be found. 
In Fig. 360 we represent four kinds of larvae that were taken 
out of a few bedeguar galls gathered on one day in a lane near 
Cambridge. It is pretty certain that No. 1 in this figure repre- 
sents the larva of Bhodites rosac, and that Nos. 2 and 3 are 
larvae of inquilines, possibly of Syntrgus, or of a parasite ; whUe 
No. 4, which was engaged in feeding on No. 3 in the position 

» P. enteou Soc. Philadelphia, U. 1864, pp. 447, etc. 
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showu, is possibly a Chalcid of the genus Monodontomerua, or 
may be Callimome hedeguaris. It is clear that, as we cannot 
ascertain what is inside a gall without opening it, and thereby 
killing the tenants, it is a most difficult matter to identify the 
larvae ; the only safe method is that of observation of the act of 
oviposition ; this may be supplemented by rearing the flies from 
gal^, so as to ascertain what variety of flies are associated with 
each kind of galL This last point has been well attended to ; 
but the niunber of cases in which oviposition of inquiline gall- 
flies in the galls formed by the Psenides has been ascertained by 
direct observation is still very small ; they are, however, sufficient 
to show that the inquilines deposit their eggs only after the 
galls are formed. 



Fio» S60. — ItfTfte in- 
habiting bedegnar 
gall at Oambridge. 
1, RhcdiUs ros<U 
in call ; 2 and S, 
larvae of InquU 
lines ; larva of 
a parasitic Hymeu- 
opteroD. 


Bassett recorded the first case of the kind in connexion with a 
North American species, Cgnips (Ceroptres) querevs-arbos 
He says: “On the first of June galls on Quercvx ilieifolw had 
reached their full size, but were still tender, quite l^e the 
young shoots of which they formed part. Exan^ng them on 
that day, I discovered on them two gall-flies, which I suct^ded 
in taking. They were females, and the ovipositor of each was 
inserted into the gall so deeply that they coiUd not readily free 

themselves, and they were removed by force." 

The great resemblance of the inquiline gall-fly to the “7 
makes the gall both dweU in, has been several times noticed by 
Oaten Sacken, who says “ one of the most curious 
connected with the history of two North .^encan 
galls is, that besides the IHastrophus, which ap^rently 
genuine originator of the gaU, they produce pother 
doubt an inquiline, belonging to the genus ^ f 

the most striking resemblance in size, colouring, 
the JHastrophua, their companion. The one is the very ^ 
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of the other, hardly showing any differences, except the strictly 
generic characters ! This seems to be one of those cxirious 
instances, so frequent in entomology, of the resemblance between 
parasites and their hosts ! By rearing a considerable number of 
galls of D. 7ieb%do6%iS I obtained this species as well as its parasite 
almost in equal numbers. By cutting some of the galls open I 
ascertained that a single specimen of the gall frequently con- 
tained both species, thus setting aside a possible doubt whether 
these Insects are not produced by two different, although closely 
similar galla” ^ 

The substance of which galls are composed, or rather, perhaps, 
a juice they afford, is apparently a most suitable pabulum for the 
support of Insect life, and is eagerly sought after by a variety 
of Insects ; hence by collecting galls in larg^ quantities many 
species of Insects may be reared from them ; indeed by this 
means as many as thirty different kinds of Insects, and l^Iong- 
ing to all, or nearly all, the Orders, have been obtained from a 
single species of galL Some galls are sought by birds, which 
open them and extract their tenants, even in cases where it 
might be supposed that the nauseous flavour of the galls would 
forbid such proceedings. 

Not more than 500 species of Psenides and Inquiline Cyni- 
pidae are known from all parts of the world ; and of described 
Parasitic Cynipidae there are only about 150 species. The 
British forms have recently been treated by Cameron in the 
work we have already several times referred to.* 

A few Cynipidae have been foimd in amber ; and remains of 
members of the family, as weU as some galls, are said by Scudder 
to have been foimd in the Tertiary strata at Florissant. 


Fam. n. Proctotrypidae, or Oxynra. 

Small Symenoptera, with few^ or oven no, noroures in the wings : 
the pronotum closely adherent to the mesothorax, and at the 
eidM reaching haekwards to the points of insertion of the 
wi-ngs. The abdomen is pointed, and the pointed apex is 
frequently defiexed ; the ovipositor is not coiled, hut is 
retractile, and when extruded is of tubular form, and appar- 

' P. trU. Soe. Philad. U. 1863, p. 84. 

Brit. Phyt. Sifm. vola. iiL and iv. Bay Soc. 1891 and 1898. 
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erUly a continvxition of the tip of the body. The earlier stages 
are passed in the bodies, or in the eggs, of other Arthropods. 

one of the most difficult groups of 
Hymenoptera to define ; some of its 
members exhibit a great resemblance 
to Aculeate Hymenoptera. This is 
the case with the Insect we figiire 
(Fig. 351). It, however, is an 
undoubted Proctotrypid, but there 
are other forms that approach very 
closely in appearance to the Acu- 
leate, or stinging Hymenoptera; so 
that until a better comprehension 
is reached as to the distinction 
between a sting and an ovipositor 
the separation between Proctotry- 
pidae and Aculeata must be con- 
sidered somewhat arbitrary. 

There is extreme variety in the family; the wings differ 
considerably in shape and neuration ; they are not infrequently 
altogether absent in one or both sexes. The chief distinction of 
the family from other parasitic Hymenoptera is the tubular form 
of the ovipositor ; which part appears to be a continuation of the 
tip of the body. This latter is more definitely acuminate than 
usual, and has given rise to the term Oxyura, by which name 
the Proctotrypidae are distinguished in many books. From the 
Ohalcididae they are distinguished also by the angles of the 
pronotum attaining the tegulae. In this character they agree 
with the Cynipidae, but the ovipositor and abdomen are very 
different in form in these two groups, and the Proctotrypidae 
very frequently have a pigmented spot or stigma on the front 
wings which is absent in Cynipidae. As if to add to the 
culties the systematist meets with in dealing with this family, 
some of its members have the trochanters undivided, as in the case 
of the stinging Hymenoptera. The larvae of all that are knojm 
lead a completely parasitic life in the bodies or eggs of other 
Insects or of Spiders. Sometimes half a dozen specimens may 
find the means of subsistence during the whole of their develop- 
ment in a single Insect’s egg. Usually Proctotrypids pupate m 


The Proctotrypidae is 



F 1 Q 4 351. — HdoTU9 anomalipt $4 
BnUin. 
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the position in which they have fed up, enclosed each one in a 
more or less dis- 
tinct cocoon. In 
Fig. 352 we re- 
present a very 
remarkable case 

of Proctotrypid 
pupation • a — Pupation of I^roetctiypes sp. in body of a beetlo 

larva of some 

beetle has nourished many specimens of a species of the genus 
Troctotrypts, and the pupae thereof project from the body of the 
host, a pair of the parasites isstiing from each segmental division 
in a remarkably symmetrical manner. 

Comparatively little is known as to the habits of the members 
of this family, but such information as has been obtained leads 
to the conclusion that great variety will be found to exist in 
this respect. We have already mentioned that numerous species 
have been ascertained to feed inside the eggs of Insects or of 
Spiders ; others have been reared from larvae or from galls of 
the minute Dipterous midges of the family Ceoidomyiidae ; 
others have been obtained from Cynipid galls, a few from ants’ 
nests and from gieen-fly ; some species are known to attack 
Coleoptera. The .distinguished Irish entomologist, Haliday, has 
written an account of the proceedings of a species of Btthylus} 
from which it has been supposed that this Insect carries off living 
caterpillars, and stores them in a suitable receptacle as food for 
its progeny, thus anticipating, as it were, the habits of the 
fossorial division of the Aculeata, in which group this instinct 
has, as we shall subsequently relate, attained .an astonishing 
d^ree of perfection. Haliday’s observation was unfortunately 
incomplete end has not been subsequently confirmed. The 
Bethylides are remarkable for their great approach in structure 
to the Aculeates, so much so that entomologists are not agreed 
as to whether certain '^nsects are Proctotrypids or Aculeatea 
Bnatocera, with a very wide distribution, may be mentioned as 
illustrative of these doubtful forms; but other genera of the 
Bethylides are in many respects very trimiUi. to the Aculeates, 
and it is not matter for surprise that Haliday should have con- 
sidered the BethyUdes to be a tribe of the stinging Hymenoptera. 

» AUom. Utty. iL 1886, p. 319. 
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The genus Seleroderma consists .of small Insects much resembling 
ants, and, as well as some of its allies, is of great interest hrom 
the remarkable phenomena of polymorphism presented by certain 
species. The males in this genus are winged, the femmes com- 
pletely apterous ; yet at times winged females are produced — as 
exceptional individuals in a brood of wingless specimens — the 
females in these cases being not only winged, but possessed of 


ocelli like the females of other winged Hymenoptera. Particulars 
of a case of this kind have been given by Sir Sidney Saunders,^ 
and Ashmead also mentions ^ the exceptional occurrence of these 
winged females. Westwood * was of opinion that there are three 
forms of the female sex. This subject is of importance in con- 
nexion with the production of the various castes in anta 
Although the presence of wings in these Insects is always 


n accompanied by the existence of ocelli 

f (which, it will be remembered, are normally 

absent from the wingless individuals), yet 
the converse is not always the case, for a 
> form of the female of Ctph/donornia for^ 
miciformis, without any wings, yet having 
ocelli, as well as eyes, well developed, is 
figured by Westwood* 

The development of some of the Proc- 
totrypids has been partially described by 
Ganin and others, and is of an extra- 
ordinary character. Ganin’s observations ® 
were most complete irr the of a 

(After OaniiL) a,UoQth; species of PlotygdsteT, which he found in 
LbT'? ‘he larva of a very minute Dipteron of 

pointing line ia a little genus Ceddomyia. The Plaiygatter 

^^pftnSmi^”oi^n^ laTva changes its form very much in the 
wiDg-itke lobe ; g, branch of its life, resembling at first a 

of the t»iL minute Crustacean rather than an Insect- 

larva ; it has a very large rotmded anterior portion, while 
behind it terminates in two, or more, tail-like processes. By a 


* Tt. ent. Soe. London, 1881, p. 109. 
a Bull. U. 8. Museurn, No. 46, 1898, p. 28. 

^ Tr. erU. SoCn Louden^ 1861| p. 117* 

< Tr. ent. Soe. London, 1881, pt vi. f. 8 ; pp. 120, 126. -u 

» ZeUtehr. vriss. Zool. xix. 1869 ; Ganin’e observ»taon« are described bj 

Lubbock, Origin and Melamorpho$e$ of In$eet*, 1874, p. 34. 
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V6ry p6culifir kind of mstomorpliosis tliifl larv& 

changes into an almost una^mented, oviform larva, destitute of 
appendages j by a second change this creature assumes a third 
condition, in which it is similar to the ordinary form of para- 
sitic Hymenopterous larvae. Sometimes several of the Platy- 
gaiter larvae are found in a single host, but only one of them 
reaches this third sUtge. Afterwards the third larval instrar 
passes into the pupal stage, which lasts five or six days, and 
then the perfect Tns er.b appears. It is worthy of remark that 
the intern^ organs undergo quite as remarkable a change as the 
outer form does. The metamorphoses of some other Proctotry- 
pidae have been examined by Ganin, and appear to be of an 
equally interesting character.' 

There is reason to suppose that these Platygaater parasites 
are of great economic importance as well as of scientific interest, 
for Platygaster Ktrrrichii is one of the enemies of the larva of the 
destructive Hessian fly, Cecidomyia destructor. 

The Proctotrypidae are no doubt extremely numerous in species, 
but as yet they have been very little studied ; a good work on 
the British species is much required. A valuable contribution 
has recently been made to the study of the family by Ashmead, 
in the book we have already referred to. This volume includes 


much information on 
the natural history of 
these Insects, and the 
outline figures give 
some idea of the great 
variety of external 
form. 

Many entomologists 
include the Mymarides 
in Proctotrypidae, but 
Ashmead considers 
that they should be 
treated as a separate 
family. Alaptxis excisus 
Westw. (Fig. 364) 



Fia 864. — AU^tuM tseeituMs Westwood. BritAln. 
(Proteble dse abont ^ millim.) 


has been frequently said to be the smallest known Insect, the 


* See Also Kulagin, Zool. An*. xUi. 1890, p. 418 ; xr. 1892, p. 85 ; »nd Oongr. 
intemat. Zwi. ii 1892, pt. i. p. 268. 



538 


HYMENOPTERA 


CHAP. 


measurement given for it b 7 Westwood ^ being a length of ^ of a 
millimetre — about of an inch. Mr. Enock has recently 

examined Westwood's type in the Museum at Oxford, and from 
his information we may conclude that this Insect is probably 
the same as AlaptiiB fuscvlus Hal., and that the measurement 
mentioned by Westwood is erroneous, the Insect being really 
about half a millimetre long. The Mymarides are, however, 
very minute, some of them not exceeding one-third of a milli- 
metre in length. Whether any of them are smaller than the 
beetles of the family Trichopterygidae, some of which are only 
one-fourth of a millimetre long, may be doubted. 

The Mymarides are recognisable by their very minute size, 
and by their peculiar winga These are slender, destitute of 
nervures, fringed with long, delicate hairs, and stalked at the 
base. Probably Mymarides may all prove to be dwellers in eggs 
of other Insecta The group is remarkable from the fact that it 
contains some of the very few Hymenoptera with aquatic habita 
Two species were discovered in their winged condition in the 
water of a pond near London by Sir John Lubbock * ; one of 
them — Polynema natana Lubbock — ^probably, according to Mr. 
Knock, the same as Caraphretetus cinctua HaL, uses its wings 
freely for swimming under water, while the other — Praatwichia 
aquatica — performs this operation by the aid of its lega This 
latter Insect seems to be very anomalous, and its position quite 
doubtfuL The embryogeuy of Polynema is very peculiar, and 
takes place in the egg of a dragon-fly — Calepteryx virgo imder 
water. According to Ganin,* in the earliest stages the develop- 
ments of the embryos of the Calepteryx and of the Polynema 
progress simultaneously, but that of the dragon-fly does not pro- 
ceed beyond the formation of the ventral plate. The Polynema 
appears to leave its own egg at an extremely early stage of the 
embryonic development. It would appear, in fact, that there is 
no definite distinction between embryonic and larval stages 
The information given by Ganin leads to the conclusion that a 
complete study of this remarkable mode of development is 
necessary before forming any general ideas as to the nature o 
Insect embryogeny and metamorphosis. 

* Tt. Linn, Soe, (2) Zool. L 1878, p. 687. 

* Tr. Linn. Soe. xxiv. 1863, p. 185. • ZeiUchr. toia. Zod. xix. 1869, p. 417. 
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Fam. nL Chalcididae. 


Pronotum with some freedom of movement, its angles not extend- 
ing to the insertion of the front wings. Antennae elbowed, 
consisting of from seven to thirteen joints. WiTigs without 
a system, of cells ; with a single definite nervure proceeding 
from the base near the front margin, or costa ; afterwards 
passing to the costa, and giving off a very short vein more or 
less thickened at its termination. The species are, with few 
exceptions, of parasitic habits. 


The Insects of this family — the Fteromalini of Katzeburg — 
are frequently of brilliant colours and of remarkable form ; the 
species are very numerous, some 4000 or more having already 
been described Of this number nearly 3000 are European, 
and as there is good reason for supposing that Chalcididae are 
quite as numerous in the Tropics and in the New World as they 
are in Europe, the family will probably prove to be one of the 
largest in the class. About twenty sub-families have already been 
proposed for the classification of the group ; they are based 
chiefly on the number of joints in the tarsi, and the details of 


the antennae and of the ovi- 
positor. This latter exhibits 
great variety in external ap- 
pearance, due chiefly to the 
modification in form of the 
basal, or of the following ven- 
tral abdominal plates, one or 
more of which may be pro- 
longed and altered in form or 
direction, giving rise in this 
way to considerable diversity 
in the shape of the abdomen. 
Correlative with this is a 
great variety in the mode 
of parasitism of the larva. 



Flo. 365. EuryUma abroiantf male. 
Britain* Hyper-paruite through Micro* 
gastcr of LiparU .dispart and according 
to Caineron, paraaito of JiKodites rosac 
and other gall-flies in Britain* x 10. 
(After KaUeborg.) 


liY6 ill gftllsj feeding on 

the larvae of the makers of the galls or on those of the inquilinea 
others attack caterpillars^ others pupae only j some flourish ai 
the expense of bees or other Hymenoptera, or of Coccidai 
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and Aphididae, and some deposit their eggs in the egg-cases of 
Blattidae. The details of the life-history are well known in 
only a few cases. 

The career of Lewospis gigas has been investigated by Fabre, 
and exhibits a veiy remarkable form of hypermetamorphosis.' 

This Insect is of comparatively 
large size and of vivid colours, 
wasp-like, black contrasting with 
yellow, as in the case of the 
wasps ; and like these it has the 
wings folded or doubled. The 
female bears a long ovipositor, 
which by a peculiar modification 
is packed in a groove on the 
back of the Insect. This species 
lives in Southern Europe at the expense of Chalicodoma muraria, 
a mason-bee that forms cells of a hard cement for its nest, the 



Fia. 356 . — Leueotpu gigas, female. 
Oibndtar. 


cells being placed together in masses of considerable size ; each cell 
contains, or rather should contain, a larva of the bee, and is closed 
by masonry, in the construction of which the bee displays much 
ability. It is the mission of the Leucospis to penetrate the 
masonry by means of its ovipositor, and to deposit an egg in the 
cell of the bee. The period chosen for this predatory attack is 
the end of July or the beginning of August, at which time the 
bee-larva is in the torpid and powerless condition that precedes 
its assumption of the pupal state. The J/tuco^pts, walking about 
leisurely and circumspectly on the masonry of the nest, teste it 
repeatedly by touching with the tips of the antennae, for it ib 
most important that a proper spot should be selec^ The bee s 
cell is placed in a mass of solid masonry, a considerable 
but a part only — of whose area is occupied by the group of cells ; 
every ceU is closed by hard mortar, making an uneven surface, 
and the face of the masonry is rendered more even by a 
hardened clay outside the rougher material ; it is the task of the 
Leu£08pi8 to detect a suitable spot, in the apparently uniform 
external covering, and there to effect the penetration so as 
introduce an egg into a cell By what sensations the fly may 
be guided is unknown. After a spot has been selected and tne 
ovipositor brought into play, the masonry is ultimately pierce 
* Souvenirs entomologiques. Trolaifeme sirie, 1886, p. ISP- 
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b7 patient work ; sometimes a quarter of an hour is sufficient for 
the purpose, but in other cases three hours of uninterrupted 
effort are required before the end is attained. Fabre expended 
much time in watching this operation, and after the Insect had 
completed it, he marked with a pencil the exact spot of the 
masonry that was penetrated, and the date on which it was done, 
and he states that he afterwards found that without any excep- 
tion a proper spot had been selected, and a cell consequently 
penetrated. Admirable as the instinct of the parasite appears 
from this point of view, it is nevertheless accompanied by a 
remarkable deficiency in two other respects. The first is that 
though the spot selected by the Leucospis invariably gives 
entrance to a cell, yet in the majority of the cases the selected 
cell is not a suitable one ; a large number of the cells of the 
Chalicodoma are not occupied by living larvae on the point of 
pupation — though in that case only can the egg of the Leucospis 
hatch and successfully develop — but by dead and shrivelled 
larvae, or by mouldy or dried-up food. And yet, in each case of 
penetration, Fabre believes that an egg is deposited, even though 
it may be impossible that it can undergo a successful develop- 
ment. Strange as this may appear, it is nevertheless rendered 
less improbable by the second deficiency in the instinct of the 
parasite. The Insect has no power of recognising a cell that 
has been previously pierced either by itself or by another of its 
species. One bee larva can only supply nourishment for a single 
larva of the parasite, and yet it is a common occurrence for a 
cell to be revisited, pierced again and another egg introduced ; 
indeed Fabre, by means of the cells he had marked, was able to 
assure himself that it is no imcommon thing for this to be done 
four times ; four eggs, in fact, are sometimes deposited in a cell 
that cannot by any possibility supply food for more than one 
larva. The egg of the Leucospis is a curious object (Fig. 367, 
A), very elongate oval, with one end drawn out and bent so as 
to form a hook ; it is not placed at random in the cell of the bee, 
but is suspended on the delicate cocoon with which the Chalieo- 
dcma larva is surrounded at the period of pupation. Fabre 
allowed sufficient time to elapse for the hatching of the larvae 
from the e^8, and then opened some cells where Leucospis eggs 
had been deposited, in order to obtain the larvae ; when doing 
this he was surprised that he never found more than one X«u- 
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cospis larva in a celL Even in cells where he had observed 
more than one act of oviposition, and which he had marked at 
the time, only one larva existed- This induced him to think 
that it was possible that no egg was deposited by the Ltucospis 
at the second penetration. He accordingly examined cells soon 
after the eggs were laid, and thus discovered some that contained 
more than one egg, — indeed in one cell he observed no less than 
five eggs suspended from the cocoon of the Chalicodoma ; he was 
also able to demonstrate that eggs were actually deposited in some 
cells that contained no means of support for the larva. How then 
could these two facts be reconciled — four or five eggs deposited in 
a cell, only one larva present afterwards ? It is of course impos- 
sible to observe the operations of a larva shrouded in the obscurity 
of a cell formed of masonry, so he transferred some bee larvae 
with their destructive companions to glass tubes, in which he was 
able to note what took place. He found that the egg deposited 
by the Leitcospis hatches and produces a very peculiar larva, 
having little resemblance to the Ltucospis larva that he had foimd 
eating the Chalicodoma larva. The primary larva (Fig. 357, B) 
of the Ltucosjpis is an arched worm, moderately deeply segmented, 
a millimetre or a little more in length, with a remarkably large 

and abruptly-defined head. The body bears 
erect setae, the most remarkable of which 
are a pair on the ventral aspect of each of 
the segments, each of these ventral setae 
being borne on a small conical prominence. 
These prominences and setae serve as ambu- 
latory organs, and are supplemented in their 
function by a protuberance at the posterior 
extremity. The little creature has consider- 
able powers of locomotion ; it moves, after 
the fashion of many other larvae, by con- 
tracting and arching the body so as to bring 
the posterior part nearer to the anterior ; 
then fixing the hinder part, the anterior is extended and fixed, the 
posterior being again brought nearer to the front. The Levcospis 
larva when hatched does not at once attack the bee larva which is 
to be its future food, but every few hours makes excursions over 
its surface, and even explores the walls of the cell; returning, 
liowever, always to the cocoon for repose. The object of these 




TtQ. 357. — Leueo$pi9 figa$. 
At Egg ; B, pnmary, 
C, secoodftry ’ larva. 
(After Pabre.) 
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excursions is, Fabre believes, to ascertain if another Letico»pis egg 
has been laid in the cell, and in that case to destroy it. For 
the food, as we have said, being only enough for one larva, and 
the mother Leucospis frequently laying more than one egg in a 
cell, it is necessary that all the eggs except one should be destroyed, 
Fabre did not actually observe the act of destruction, but he 
found repeatedly in bis glass tubes that the supernumerary eggs 
were destroyed, being, in fact, wounded by the mandibles of the 
first-hatched larva. After several days of this wandering life 
the tiny destroyer undergoes a first moult, changing its Rlfin 
and appearing as a very different creature (Fig. 357, C); it 
is now completely destitute of any means of locomotion, very 
deeply segmented, curved at one extremity, with a very smA]! 
head, bearing extremely minute, scarcely perceptible, mandibles. 
The sole object of its existence in this state is to extract the 
contents of the Chalicodoma larva, and appropriate this material 
to the purposes of its own organisation. This it accomplishes 
not by wounding, tearing, or destroying the larva, for that ap- 
parently would not answer the purpose ; the contents must be 
convey^ while still in their vital state to itself; and this it 
effects by applying its mouth to the extremely delicate slcin of 
the victim, the contents of whose body then gradually pass to 
the destroyer, without any visible destruction of the continuity 
of the integument. Thus the Leucospis larva gradually grows, 
while the bee larva shrinks and shrivels, without, however, 
actually suffering death. The process of emptying the bee larva 
apparently does not occupy the leueospis more than two or three 
weeks, b^g completed by about the middle of the month of 
August; afterwards the larva remains in the cell by the side of 
the shrivelled skin of its victim for ten or eleven months, at the 
end of which time it assumes the pupal condition, and very 
shortly thereafter appears as a perfect Insect. 

Moiu)d4>ntomeru» euprexu is another member of the Chalcididae 
that lives parasitically at the expense of bees of the genus Chcdi- 
codoTna. Its habits have been sketched by Fabre,^ and exhibit 
^nmderable difference from those of Leuco^pis. It is much less 
in si^, and can accommodate itself to a greater variety of .food ; 
It will, in fact, eat not only the larva of Oicdicodoma, but also 
that of another bee, of the genus Stelis, that is frequently found 

* Souvanirt tntomologi^uet. Tromime sirio, 18S8, p. 179. 
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shut up in the cell of the Chalicodoma, at whose expense the 
Stdis also lives parasitically. The Monodontomtrus bores a hole 
through the masoniy of the bee and deposits its eggs in the cell 
after the fashion of the Ltucospis; one bee larva is, however, 
sufficient food for several individuals of the young of this smaller 
parasite. There is no hypermetamorphosis, the early larval 
condition resembling the later. This Insect attacks not only 
Chalicodoma and Stelia, as already mentioned, but also other bees ; 
and a single larva of some of the larger kinds will afford sufficient 
food for fifty young of the Monodontomerus. They feed on the 
bee larva, as the Leucoapia does, without wounding it This fiy 
has the power of recognising what is suitable provender for its 
young by the use of the antennae, even when the conditions are 
so changed that it is clear the sense of sight has nothing to do 
with the recognition. Fabre relates that he had extracted a 
number of the bee larvae from their cells of masonry, and that 
as they were lying on his table enclosed in their cocoons, the 
Monodontomerua recognised the latter as containing the desired 
provender for its young by examining them with its antennae ; 
after which, without hesitation, the Monodontomerua pierced the 
cocoon with its ovipositor and deposited the eggs in a suitable 
position. This observation, together with those made on Lewoapxa, 
seem to indicate that it is neither by sight nor smell that these 
Insects discover the desired object, but by some sense we do not 
understand, though its seat is clearly in the antennae of the 
Insect. 

Newport discovered a Monodontomerua, which he described 
as M. nitidua} in the cells of the bee Anlhophora. retuaa, and 
demonstrated that the alimentary canal, as is usual in Petiolate 
Hymenoptera, is closed behind until the Insect is about to enter 
the pupal state, when it becomes perforated and faecal matters 
are fof the first time passed from it. “ These matters were 
posed of the refuse of digestion and of epithelial cells accumula 
during the period of feeding, and retained in the diges^e sac 
until the period of its perforation. In this way the fo<« ^ 
abode of the Insects are mainteined pure and uncontan^ated, 
and the digestive apparatiis is completed, and the re 
nutrition ejected only when the whole of the food has n 
consumed." 


* Tr. Unn. Soc, xad. 1866, p. 87. 
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In the cells of the same bee Newport discovered another 
curious parasitic Chalcid, A.nthophordlna retusa} The male has 
short wings, and the compound eye is replaced by an ocellus 
on each side of the head, the female having fully developed 
wings and eyes. A variation may occur in the metamorphosis 
of this Insect, inasmuch as when the growth is completed during 
the month of August, the Insect changes to a pupa, the imago 
appiears ten or twelve days thereafter, and the perfect Insect then 
hibernates for seven or eight months ; but should the completion 
of growth be deferred till after the end of August, hibernation 
takes place in the larval condition. A large and brilliant Chalcid 
Eacharis myrmecicu, has been described by Cameron as preying 
on the formidable Australian ants of the genus Myrmecia, 

The development of Smicra clavipes has been partially de- 
scribed by Henneguy.® This Insect lives in the interior of the 
aquatic larva of StrcUiomys strigosa, a Dipterous Insect. As 
many as fifty eggs of the parasite are found in one larva, but a 
large number of embryos die during development, so that he has 
never found more than two or t^ee well-grown larvae in one 
Stratiomyi larva. It has been ascertained that the eggs of many 
of these parasitic Insects are deficient in yolk, and the ovum of 
jSTmtcra is said' to obtain the nutritive materials necessary for 
the development of the embryo from the blood of its host by 
endosmoais. For a long time after the assumption of the lar>’al 
condition, the larva appears to nourish itself only at the expense 
of the blood of its host. The segmentation of the ovum is total, 
and a single embryonic membrane appeara at an early period, 
before the formation of tLsi embryo, by a process very different 
from that giving origin to tlie amnion of the majority of 
Insects. 

A very interesting sketch of the development of Encyrtus 
fvMicollis has been given by Bugnion.* This small parasite 
passes its earlier stages in the interior of the larva of Hypono- 
metUa cogvoidla or other Lepidoptera. The female Encyrtus 
depomts her eggs in the interior of a caterpillar, in the form of 
a series of 60 to 100 or more eggs enclosed in a sac; the origin 

* Acooiding to Ashmewi, P. ent. Soc, WaAington, iL 1893, p. 228, this cenus 
ehoold take the nama ot MttiUobia, 

■ Ann. Hat. Sut. (8) x. 1892, p. 271. 

• Jiec. Zoal. Sui»ae, ▼. 1891, pp. 4S5-5S4. C£ Koolagoine, Congr. ZooL 

ti. 1892, pt. t p. 285. 
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of the sac is obscure, but the embryonic development and the 
early part of the larval life are passed in the sac, which contains 
a supply of nutritive matter. The larvae of the Encyrttts are 
at first entirely confined to this sac, but when they have con- 
sumed all the nutritive matter in it, they leave it and pass the 
remainder of their larval and pupal existence in the body-cavity 
of the caterpillar. They live at first on the lymph (blood) of 
the Insect, and apparently do it no harm ; nevertheless the 
strength of the caterpillar is so much enfeebled that it fails 
to undergo the transformation to a pupa \ the parasites then 
devour its interior, and use the empty skin as a nidus for their 
own pupation ; they form cocoons which divide the area into com- 
partments. Usually the individuals disclosed from one Hypono- 
meuta are all of one sex, which may be either male or female. 
Unfortunately the most interesting points of this development, 
viz. the history of the common sac for the larvae, the nature of 
the eggs, the earlier embryonic stages, and the nutriment in the 
sac, are still without elucidation. The account given by Bugmon 
raises a great desire for information on these points. 

We have in a previous page described the remarkable mode 
of oviposition of Mantis. Captain Xambeu * has made a very 
curious observation to the effect that a minute Chalcid, Podagrion 
{Palmon) pachynterus, shelters itself under the wings of the 
Mantis so as to be in a position to oviposit in the eggs of the 
latter when it shall be forming its peculiar ootheca. 

The genus Isosoma consists of Insects that differ in habits 
from their congeners, being phytophagous instead of parasitic. 
/. tritici and 1. hordei live in the stalks of com, and in North 
America, where they are known to the agriculturist as joint- 
worms, are frequently very injurious to crops. They are som^ 
times obtained in large numbers without any males appearing, ^ 
a wingless as well as a winged form of the female occura Omng 
to the fact that the allies of these Insects are parasitic, it hM 
been frequently maintained that this may also prove to be the 
case with Isosoma, but the observations of Biley* and others leave 
no doubt that the Insects of this genus are really plant- 

feeders. 

» Bull. Soc. Ent. Franc* (5) vii. 1877, p. Ixi*- ; “Iw FeuilU Nalural vii. 

1877» p. 186, and Riley and Howard, Insect iv. 1892, p* 242. 

* Insect Li/Sf i. 1888, p- 121. 
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Riley has called attention ' to some facts in connection with 
7. triti/ii and 7 grande, that make it clear that these two supposed 
species are really alternate generations, and that both generations 
are probably in larger part, if not entirely, parthenogenetic. 
Some species of the genus Megastigmue are known to be of 
phytophagous habits.^ 

The most interesting of aU the forma of Chalcididae are 
perhaps those called fig-insects. A considerable number of species 
are now known, and amongst them we meet with the unusual 
phenomenon of species with wingless males, the females possessing 
the organa of flight normally developed. The wingless males 
exhibit the strangest forms, and bear no resemblance whatever to 
their more legitimately formed partners (Fig. 358, A, B). Many 
of the fig-insects belong to a special group called Agaonides. 
Others telong to the group Torymides. which contains likewise 
many ChalcitUdae of an ordinary kind; possibly some of these 
may be parasitic on the Agaonides. Some of these Torymid fig- 

In^ts have winged males, aa is normal in the family, but in 
other cases winged and wing- 
less forms of the male of one 
species may be present. 

The most notorious of these 
fig- Insects is the one known 
as Blastophaga grossorum (Fig. 

358), this being the chief agent 
in the custom known as capri- 
ficatiou of the cultivated fig- 
tree. This process has been 
practised from time immemorial, 
and is at the present day still 
carried on in Italy and the 
Oiwian archipelago. The Greek 

writera who describe it saj that fi^ sss—aLpfcw. a 

the wild fig-tree, though it does ****«• x 22; b, 
not ripen its own fruit, is ab- Miu. stat N«apei, ui. issi) 

^lately essential for the perfection of the fruit of the eultivated 
flg. In eecordanee with this view, branches from the“^ 

1892, p. 588. ■ p. 24, and Howard, P. U.S. Nat. Hue. xir. 
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are still gathered at certain seasons and suspended amongst the 
branches of the cultivated fig-trees. The young fig is a very 
remarkable vegetable production, consisting of a hollow, fleshy 
receptacle, in which are placed the extremely numerous and 
minute flowers, the only admission to which is by a small orifice 
at the blunt end of the young fig ; this orifice is lined with pro- 
jecting scales, that more or less completely fill it up or close it ; 
nevertheless inside this fruit the Blastophaga grossorum develops 
in large numbers. The males are, as we have seen, wingless 
creatures, and do not leave the fruit in which they were bred, 
but the females make their way out of the wild fig, and some 
of them, it is believed, enter the young fruit of the cultivated 
trees and lay their eggs, or attempt to do so, therein ; and it 
has been supposed by various writers that these proceedings are 
essential to the satisfactory development of the edible fruit. It 
is a curious fact that the Blastophaga develops very freely in 
the wild fig — so much so, indeed, as to be a means of preventing 
it from coming to maturity ; but yet the Insect cannot complete 
its development in the cultivated fruit. This is due to the fact 
that the fly must lay its egg in a particular part of the fig- 
ovule, so that when the egg hatches the larva may have a proper 
supply of food. In the cultivated fig the structure of the flower 
differs somewhat from that of the caprificus, as the wild fig is 
called, and so the egg, if deposited at all, does not reach a pro^r 
nidus for its development. Hence the Blastophaga can never live 
exclusively on the cultivated fig, and if it be really necessary for 
the development of the latter, must be brought thereto by means 
of the caprifig. Whether the Blastophaga be really of use, as hM 
been for so long supposed, is, however, a matter for doubt. The 
reasons for this are (1) that those Who think caprification bene- 
ficial do not agree as to the mode in which they suppose it to be 
so ; (2) that there is but little reason for believing that when 
introduced amongst the cultivated figs the Blastophaga occupies 
itself to any great extent therewith ; and (3) that in some par 
of the world caprification is not performed, but the cultivate g 

nevertheless ripens its fruit there. Hence many writers on e 

subject — Solms-Laubach,* Mayer,* and Saunders * — entertam con- 
siderable doubt as to whether caprification is at present anyt g 

* Ahh. Oes. oattingen, xxriii. 1882. * Mitt. Slot. Xeapel, ui. 1882, p. 65. 

* Tr. ent. Soc. ZoTutorit 1883. p. 389. 
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more than an old custom destitute of practical utility. On the 
other hand, Kiley states ‘ “ that the perfect Smyrna fig, the most 
esteemed of the edible species, can be produced only by the 
intervention of the Blastophaga psenes [grossoruni].” 

Although the questions connected with the effect the JBlasto- 
phaga is supposed to produce on the fruit are of a botanical 
rather than a entomological nature, we may briefly say that two 
views have been held: (1) that, as in the fruit of the cultivated 
fig, only female flowers are produced, the Blastophaga is necessarj' 
for their fertilisation and the subsequent development of the 
fruit ; (2) that the Insects stimulate the fig by biting parts 
thereof or by burrowing in it, and so give rise to the processes 
timt have as their result the edible fruit. There seems to Ijc 
little doubt that the Insect agency is necessary to the fertilisa- 
tion of some species of figs. Cunningham, who has recently 
carried out an elaborate investigation as to the fertilisation 
of Ficus roxhurghii^ concludes that in this fig, and probably 
also in other kinds, the perfect development is dependent on 
the access of the fig-insects to the interior of the receptacular 
cavity. Should access fail to occur, both male and female 
flowers abort, without the formation of pollen grains by the 
former or seeds by the latter. The access of the Blastophaga is 
thus as necessary for the perfect evolution of the normal male 
and female flowers as it is for that of the modified ? or gall- 
flowers, with their contained ova and Insect-embryos. Whether 
the successful fertilisation of the flowers is really essential to the 
production of the edible fig is not a question for our discussion. 

Fig-Insects are apparently more numerous in South America 
than they are in any other part of the world ; and Fritz-MuUer 
has discovered ® a number of species there of a very extraordinary 
character, several of them possessing two forms- of the male, one 
winged like the female, the other wingless and so different in 
character that they were considered to belong to a different genus. 
The wingless male of a species found in Madagascar, Kradibia 
eowani, has the peculiarity of possessing only four legs, the middle 
pair being represented merely by minute two-jointed rudiments. 
Some of these Insects live in galls on the figs. The fig-insects 

* P, hiol. Soc, Waahingtont vii. 1892, p. 99. 

• Ann. BoUm. Oardtn, CateuUa, i. 1889, Appendix L. 

• P. ent. S<K. London, 1888, p. x. 
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were formerly considered to belong to the Proctotrypidae or to 
the Cynipidae (gall-makers), but there can be no doubt, not- 
withstanding they differ so much in their habits from the para- 
sitic Chalcididae, that they probably belong to the same family. 
If treated as different from Chalcididae, they should be separated 
as a distinct family rather than united with the Cynipidae.^ 

It is impossible for us to do more than allude to the extra- 
ordinary shapes exhibited by some 
Chalcididae. The genus ThoracanXha 
is specially remarkable in this respect. 
T. latreillei is said to resemble a beetle 
of the family Mordellidae, and has the 
wings concealed by false wing-cases — 
really projections from the thorax — so 
Fio. 359. — TharacanOiaiatreUUi. that from above the Insect bears no 

Si'S. wSShoS”' resemblance to the other Insects of the 

Order it really belongs to. 

Howard has called attention to some peculiarities in the 
pupation of Chalcididae.’^ Like the Cynipidae, they do not m^e 
a silken cocoon, but some of them that change to pupae inside 
the victims on which they were nourished have the power of 
forming oval cells in which to undergo their transformation, 
and they thus cause a peculiar indation of the skin of their de- 
ceased victim, which after death still continues to ® 

protection to the destroyers. The statement made ^7 
and repeated subsequently in various works, to the eff^t that 
CorvTui spins a cocoon under the Aphis in which it has lived, is 
an error, the cocoon being really formed by Praon, a 
that is a parasite of the Aphis, and on which the Chalcid Fac y- 

crepis iC<yn/na) lives as a hyperparasit*. The 
species differ from those of other ^ymenoptera in^a 
integument is hard, and the limbs are soldered to the body 
Lepidoptera. These forms pupate external to the victim. 

Fritz Muller has recorded that the pupa of an 
of Chalcid that attacks a Brazilian ant (Azteca %nstahilw 1 

is suspended on the wall of the cell the ant Uves m by its 
posterior extremity, just like the chrysaUa of a butterfly. 

> For a syatomatic memoir refer to Mayr, Verh. zool.~bot. Oes. IFien, xxxv 
I>. 147, etc. 

* Insect Lift^ iVe 1891, p* 193* 
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Notwithstanding the small size of Chalcididae, their remains 
have been detected in the tertiary strata of both Europe and 
North America. 


Fam, IV. Idmetunonidae (Ichneumon-flies). 

Wings with a well-developed series of nenmres and cells; the 
spoLce on the front wing separating the second posterior cell 
from the cvhxtal cells is divided into two cells by a transverse 
veinlet. The abdomen is attached to the lower or posterior 
part of the median segment. Larvae parasitic in habits. 

The Ichneumonidae form a family of enormous extent, con- 
taining nearly 6000 described species. The study of the family 
is but little advanced, owing to their parasitic habits and to 
this bewildering multiplicity in their 
specific forms, hfost of the species, in the 
larval state, live inside the larvae of Lepi- 
doptera, and they thus keep the myriads 
of caterpillars within bounds, the number 
of these destroyed by Ichneumons being 
prodigious. Some of the family are, 
however, external parasites, and some are 
known to attack Spiders and Insects of 
other Orders than Lepidoptera. Their 
antennae are not elbowed and are many- 
jointed, the joints being closely compacted, 
especially towards the extremity. This 
character readily distinguishes Ichneu- 
monidae from the families we have 860.— Zv*»»o<a*e/«o,9. 

previously considered. The ocelli are 
well developed even in the apterous forms, Bauebmg.) 
and are placed in a triangular position on the vertex. The pro- 
notum is small in front ; and extends backwards at the aides to 
the pomts of insertion of the front wings; it is fixed to the 
mesonotuiiL The wings (Fig. 367, A) have a more complex 
negation than those of moat of the other parasitic Hymenoptera 
but are occasionaUy absent in one or both sexes of a species. The 
metatho^ is very amaU, and the middle and hind legs are 
placed close together. The propodeum is very large, and is 
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frequently covered with a highly-developed sculpture. The hind 
body springs from the lower part of the propodeum ; it is usually 
of slender form, and its segmentation is very conspicuous. The 
females bear an ovipositor, which differs greatly in length accord- 
ing to the species, and is known in the case of one species to 
attain a length six times that of the whole of the rest of the 
body.^ The egg is deposited by some species on the skin, by 
others within the body of the victim ; it varies much in form and 
colour, some eggs being stalked and of peculiar shape. The 
larvae issuing from the eggs are legless maggots with a delicate 
integument of pallid white or creamy colour. If the eggs are laid 

on the surface of the body, the result- 
ing larvae (except in the cases of the 
external parasites) soon bore into the 
interior of their victim, and disappear 
therein. The changes that take place 
in the lifetime of the larvae have 
been studied in only a few cases ; but 
if we can judge from Katzeburgs 
history® of the changes that take 
place in Anomalon, they are of great 
interest. From observation of the 
differences existing amon^t a great 
number of larvae of A. cxrcumjlexum 
he distinguished four stagea It is of 
course impossible to follow directly 
the growth of one individual, 
cause it is concealed in the interior 
of the caterpillar in which it lives, 
and to open this involves the death 
of both caterpill^ Ichneumon- 

Fia. 361. — Anomaion circutn- Jarva. The life history must therefore 

fX”’ be constructed from e great number of 

instar ; B, second instar ; C, the ggparate observations ; and it IS not 

larva in the third or encysted ^ . j fKo four instarS de- 

stage extracted from ita cyst ; ascertained that the lour inattti 

D, the mature larva ; E, pupa. gQpjjjgjj by Ratzeburg represent the 

number of moults of the larva that actuaUy take placa 1^. 
however, entertained no doubt that all the forms e o rv 

» Tosquinet, Ann, Soe. eni. Bdgiqy^ 1894, p. 694. 

^ Ichncum* ForsL Ins. 1844, p. 81- 
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were stages in the development of one species. In the earliest 
stage, when only one millimetre in length and about as thick 
as a horse-hair, the larva is free in the interior of the cater- 
pillar’s body, and has a small head armed only with a pair of 
mandibles. There are, in addition to the head, thirteen segments, 
and the last of these is an elongate tail forming nearly one- 
half the length of the creature. No trace of tracheae can be 
discovered. In the second stage the larva is still free, an elon- 
gate tracheal tube exists, the tail has diminished to half the 
length, the head has become much larger, and rudimentary 
antennae of one joint are visible ; possibly stigmata are present 
at this stage, though they cannot afterwards be detected. In 
the third stage (Fig. 361, C) the larva is encysted, the head is 
large, the parts of the mouth are all developed, the tracheal 
system is extensive, and the caudal termination of the body is qxiite 
short ; notwithstanding the extensive development of the tracheal 
system, no stigmata can be found. In the fourth stage the 
larva is still encysted, the tail has disappeared, the head and 
mouth parts are reduced in size and development, and the creature 
has now the appearance of a normal larva. The changes to pupa 
and perfect Insect take place within the body of the victim, in 
some cases, if not usually, after it has undergone its metamor- 
phosis into a chrysalis. Very little information is extant as to 
the duration of the various stages, but it appears to be the rule 
that only one generation appears annually, though in some cases 
there are pretty certainly two. 

It is very difficult to observe the act of oviposition ; the 
Ichneumon-flies usually decline to notice caterpillars with which 
they are placed in continement. Katzeburg thinks they will only 
attack caterpillars that are in a deficient state of health or vitality. 
Occasionally we may by a happy chance observe the act in 
Insects at large, and from the records of observers it may be 
deduced with tolerable certainty that the sense of sight takes no 
part in the operation. Batzeburg relates that he saw a Pivipla 
alight on a leaf of Rhus and thrust its ovipositor through the 
lea£ On looking to the under-side of the leaf he found that a 
cocoon of Bomhyx neustTia was concealed there in such a position 
that it could not have been seen by the Ichneumon. 

Among the most remarkable of the Ichneumon -flies are the 
Insects of the genera JRhyssa and Thcdesscu These fine Insects 
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have an ovipositor three or four inches in length, and are parasitic 
on species of the family Siricidae, which, as we have previously 
described, live in solid wood. In order therefore to deposit 
the egg in a suitable place, the wood must be pierced by the 
Ichneumon. The ovipositor is not only of extreme length, but is 
also furnished with serrations on its apical part, so that it forms a 
very effective boring apparatus. It is brought into use by being 
bent on itself over the back of the Insect (Fig. 362), so as to bring 
the tip vertically down on to the wood, through which it is then 
forced by a series of efforts ; the sheaths do not enter the wood. 


The egg is laid anywhere in the burrow of the Sirex ; the young 
larva seeks its prey, and lives on it as an external parasite (Fig. 
342, D). Erne, however, states^ that the young larva of Rhyssa 
persuasoria enters its victim, and remains within the latter till its 



FlOp 862 * — Thaiessa hnuxior. Oviposition, 

(After Riley.) 


death occurs. This happens 
when the young Rhyssa is 
two or three lines in length, 
and it then makes its exit from 
the interior of the body and 
gradually eats it up. Should 
the larva it has attacked be of 
large size, it of itself affords 
sufficient food for the comple- 
tion of the growth of the 
Rhyssa. Should the Rhyssa, 
however, have attacked a small 
larva, this does not furnish it 
with sufficient food, and it con- 
sequently dies without seeking 
another larva. Erne says, 
indeed, that it will not eat 
another if offered to it, so that 


in order to rear the Rhyssa in captivity, the victim it has first 
attacked must always be given to it. The same observer states 
that the Rhyssa larva is sometimes transported by the Sirex 
deep into the wood, so that when it has completed its metamor- 
phoses the Ichneumon-fly may find itself buried in solid wood ^ 
a depth of about two inches. In that case it excavates the wood 
with its mandibles, and should it fail to gain the exterior after 


^ ifiU. Khvtizer. eiU. Oa.'ir. 1876, p. 518. 
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three days of work, it dies. In the case of Thalessa it is stated 
that it sometimes bores into wood where there are no larvae, but 


Kiley thinks this erroneous ; it is, on the other hand, certain 
that the Insect after penetrating the wood is frequently unable 
to withdraw the ovipositor, and consequently dies. 

Packard has recorded,' without mentioning the species, the 
oviposition of an Ichneumon of which the egg is deposited 
externally. It was placed on the head of the caterpillar, and 
speedily hatched ; the young larva at once bored through the 
prothoracic segment of the victim, the head of the latter then 
became swollen, and covered the opening into the prothorax, made 
by the parasite. 

The history of an Ichneumon larva that feeds as an external 
parasite has been sketched by De Geer and Newport. The 
observations of the latter* refer to Paniscus virgatus ; he 
foimd small, shining, black bodies attached to the skin of the 
larva of a moth, Mamestra pisi ; these were the eggs of the 
Ichneumon. They are furnished with a short peduncle, which 
is implanted in the skin of the victim ; the egg, according to De 
Geer, being retained more firmly by the peduncle subsequently 
swelling, so as to form two knobs. The hatching takes 
place by the egg-shell splitting longitudinally, while from the 
split protrudes the little head of the destroying larva. This 
becomes fixed to the caterpillar, from which the nutriment is 


to be drawn ; the Paniscus larva does not, however, leave the 

egg-shell, but, on the contrary, 

becomes adherent to it, so that 
the parasite is in this manner 
fixed by the two ends to its 

victim. In fifteen days the 

parasite was full-grown, and had 
become half an inch in length. 

At first no tracheae were (Aft«r Newport.) a. The egg- 

to be seen, but these were 


detected after the second day. Moulting took place three 
times, and in a peculiar manner, very different from that 
described by Eatzeburg as occurring in the internal parasites 
(which, he states, change their very delicate akin by detaching it 
in almost imperceptible fragments). In the external parasite the 

* Fi/th Jtep. V.S. jfnL Comm. 1890, p. 16. * Tr. .Ltnn. Sog. xxi. 1862, p. 71. 
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skin remains entire, and is shuffled down to the extremity of the 
body, but cannot be completely detached owing to the anchoring 
of the posterior part of the body to the caterpillar ; the cast 
skins thus remain as envelopes to the posterior part of the body. 
Newport states that if the mouth of the parasite be detached, it 
usually cannot again seize hold of the victim, and consequently 
perishes. It is a curious fact that more eggs than one caterpillar 
can support are habitually placed on it, and some of the resulting 
larvae of necessity perish during the period of growth. Poulton, 
who has recently made some additional observations on the 
development of Paniscus} says that if three larvae are close 
together, it is the middle one that perishes, and suggests 
that this is due to some simple physical condition. From 
Newport’s account it may be gathered that the Mamestra 
retains sufficient vitality to form its cocoon, and that the 
Paniscus larvae likewise construct their own cocoons within 
that of the Mamestra. In the case of Paniscas cephalotes 
feeding on Picronura vinula, Poulton relates that the latter died 
after the twelfth day of attack. The parasites, having relaxed 
their hold on the victim just previous to this event, then thrust 
their heads into the dead body, and devoured the larva, leaving 
only a dried and empty integument. These larvae span a loose 
sort of web in which to undergo their metamorphosis. In a 
natural state, however, they form cocoons inside the cocoon of 
tlie Bicranura. The period passed in the pupal conffition was 
about four weeks. This parasite only attacks the Lepidopterous 
larva during the last stage of its existence as a larva, but the 
eggs may be laid on the victim in an earlier stage ; and in such 
case De Geer has stated, and Poulton has confirmed the observa- 
tion, that though the larva sheds its skin it does not get rid o 
the eggs. 

The little Ichneumons of the genus Pezoma^hns are quite 
destitute of wings and somewhat resemble ants ; they are 
common Insects in Britain. Only the female sex is known, and 
it is believed that the winged Ichneumons assigned to the genus 
Hemitehs^i which no females are known— are the males ot 
Pezomachits. Repeated efforts have been made to place this 
beyond doubt, but they have usuaUy faded, for when a brc^ o 
these parasites is reared, the individuals generally prove o 

• Tr. eiU. Soe. London, 1886, p. 162, aod 1887, p. 308. 
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either all H^emiteles or all PezomaehtLS. It is to be hoped that 
this interesting case will be fully elucidated. 

Although the Ichneunionidae are perhaps the most purely 
carnivorous of all the great families of Hymenoptera, there is 
nevertheless reason for supposing that some of them can be 
nourished with vegetable substances during a part at any rate of 
the larval existence, Giraud and Cameron ^ having recorded observa- 
tions that lead to the conclusion that some species of the genus 
Pimpla may inhabit galls and live on the substance, or juices 
thereof. 

Over 1200 species of Ichneumonidae are known to inhabit 
Britain, and there can be no doubt that this number will be 
increased as a result of further observation. Unfortunately no 
general work has yet been published on this department of our 
fauna, and the literature is very scattered.* The species of 
North America have not received so much investigation as those 
of Europe, and the Ichneumon fauna of the tropics remains almost 
uninvestigated. Six sub-families are recognised : Agriotj'pides, 
Ichneumonides, Cryptides, Tryphonides, Pimplides, Ophionides. 
Of these the first is the most remarkable, as it consists of an 
Insect having aquatic habits. It 
has for long been known that the 
unique species Agriotypua armatxis, a 
rare Insect in our islands, is in the 
habit of going under water and re- 
maining there for a considerable 
period, and it has now been satis- 
factorily ascertained that it does this 
for the purpose of laying its eggs in 
the larvae of Trichoptera.* The re- 
sultant larva lives inside the cases 
of species of Silo, Go'era, etc. It 364. — armatus, 

undergoes a sort of hypermetamor- 

phosis, as its shape before assuming the pupal condition 

* £nt. Month. Mag. xiii. 1877, p. 200. 

• A catalogue, wi^ references, of the British IchneumoDidse was published by 

the Entomological Society of London in 1872. Since then many sdditional sp«ci4 

have been detected and recorded, by Mr. Bridgman and othere, in the 2Va»saettoiis 
of the same Society. 

Mag. xxr. 1889, p. 889, and Arch. Landesdurofi/orochung 
SDhmen, viu. No. 6, 1898, p. 63. v j 
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is very different to what it was previously. It changes to 
a pupa inside the case of the Trichopteron in a cocoon attached 
to the walls of the case. Previous to making this, however, the 
Agriotypns forms a curious, elongate, string-like process attached 
to the anterior extremity of its cocoon. The use of this is 
unknown. Pull information as to the life-history of this aquatic 
Hymenopterous larva, especially as to its respiratory functions. 



Flo. 365. — Metamorphosis of (After Klapilek.) A, Larva ; B, sub-nymph ; 

C, case of the Silo with the string of attachment formed by Agriotyput; D, section 
of the case : operculum of case ; v*, cocoon ; ag, pupa of Agriotypxu ; e, eiuvia 

of Agriotypus ; wall of cocoon ; a, xemains of SUo; w*, closure of case. 

would be of great interest. The affinities of this remarkable 
Insect are still doubtful It may probably prove to be between 
Proctotrypidae and Ichneumonidae. 

Pemains of Insects that may be referred with more or less 
certainty to Ichneumonidae have been found in some abundance 
in various tertiary strata both in Europe and North America, but 
nothing indicative of the existence of the family has yet been 
found in the older rocks. 

Fam. V. Braconidae — Supplementary Ichneumon-flies. 

Anteimae with many {nearly always more than fifteeri) joints, "Mt 
geniculate. Wings with a moderate number of cells, which 
on the anal part of the front wing are more or less imper- 
fect, the anal (i.e. the second posterior) cell being s^arated 
from the cubital cells by a Igxge space in which there is no 
cross-nervure. Abdomen with but little mobility between the 
segments; the suture between the second and third usually 
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absent, or obsolete. Larvae living ■parasitically in — -possibly 
exceptionally outside — the bodies of larvae or pupae of Insects. 



Flo. d67.— Diagram of wing of Ichneo* 
monid (A) and of Bmconid (B). 2, 

S» series of cells extending across 
the wing ; a, 5, divided cell of the 
Ichnettmoaid wingt coTresponding with 
a% the undivided cell of the Bmconid 
wing. 

The Broconidae are the Icbneumonea, or Ichneumonides, 
adsciti of the older Hymenopterista They are extremely similar 
to the Ichneumonidae, but the hind body has a much less degree 
of mobility of its segments, and there are some constant distinc- 
tions in the wings. Although there is a great deal of difference 
in the various forms of each of the two families, yet there are 
two points of distinction easily appreciated ; the series of cells 
running across the wing (Fig. 367) being only three in the 
Ichneumonides (Fig. 367, A), but four in the Braconids (Fig. 367, 
B) j besides this the space a of the Braconid wing is divided 
into two (c, &) in the Ichneumonid wing. A glance at these 
characters enables us at once to separate correctly the thousands 
of species of the two families. 

The habits of the Braconidae are mmilRr to those of Ichneu- 
monidae, it being believed that all are parasitea Usually they 
attack larvae, but they are bred in great numbers from pupae, 
and even from imagos of other Insects. Ela»mosoma is one 
of the few parasitea known to attack ants. As many as 1200 
specimens of Microgaster have been reared from a single Lepi- 
dopterous larva. Although such parasitism raises a feeling of 
repulsion, yet there is reason for supposing that there may bo 


FlO. S€6. — Bracon palpArxUor, 
female, Europe, (After Ratze* 
burg.) 
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little or no cruelty or acute suffering connected with this mode of 
life. The victim attacked is not eaten, the parasites in the in- 
terior taking in the lymph of the caterpillar either by the mouth 
or by endosmosia, but not biting their host. The latter displays 
no sign of sickness, but eats voraciously, so that it serves merely 
iis a sort of intermediary between the juices of the plant and the 
larvae inside itself. It is only when the metamorphosis is at 
hand that the host sickens, but this does not always happen: 
parasitised larvae frequently change to pupae, and they may 
occasionally even become perfect Insects. Cases are known in 
which imagos have appeared with some of the small parasites 
embedded in some of the outer parts of their bodies. Th^ 
cases are, however, very rare ; in the enormous majority of 
instances the host is destroyed either when it is in the larval 
stage or before the pupa has advanced to any great extent on 
its metamorphosis to an imago. Particulars as to various species 
will be found in the valuable work of Ratzeburg we have already 
referred to.^ Reference may also be made to Goureau’s account 
of Microgaster glohatus^ this latter including some suggestions 
by Dr. Boisduval on some of the difficult physiological questions 
involved in the lives of these parasites. 

The metamorphosis of Microgaster fvlvipes has been studied 
by Ratzeburg, and an epitome of his observations is given by 

Marshall.® The larva goes through a series 
of changes somewhat similar to those we 
have already sketched in Anomedon cir- 
cumjiexum. Usually these Insects after 
emerging from the body of their host spin 
a mass of cocoons more or less loosely 
connected together. A most curious case 
has, however, been recorded by Marshall* 
of a stalked cocoon (Fig- 368) being 
formed as an exceptional act by Apantdes 
of Apantdes /ormoaus. formosils. Mr. Marshall has recently re- 
(Afur Marshau.) ceivcd Other specimens of this cocoon as 

well as the Insects reared therefrom in France, and inclines to 
the opinion that the stalked cocoon may be the usual form, and 
is sometimes departed from by the Insect for unknown reasons. 

‘ Jehneum. Forat. Ina. 1844. * Ann. Soc. ent. Franca (2), Hi. 1845, p. 365. 

* Tr* erUa Soc. Lojidon^ 1886, pp. 224, 219. 



F(0. 868. — StAlked cocoon 
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This family is of enormous extent ; we have several hundred 
species of it in Britain,^ and there are no doubt many thou- 
sands of xuidescribed exotic forms. To Apanteles glomei'atus we 
are indebted for keeping o\ir cabbages and kindred vegetables 
from destruction by the caterpillars of the white butterflies. 
The larvae of the various species of Pieris, as well as those of 
other Lepidoptera, are attacked by this little Insect, the masses of 
whose cocoons may frequently be found in numbers in and near 
cabbage gardens. The tropi- 
cal species of Braconidae are 
greatly neglected, but many 
large and remarkable forms 
— some of brilliant colours 
— have been brought from 
there, so that we are justified 
in believing that Insects of 
this family will prove to be 
very numerous. There are 
but few apterous Braconidae. 

Both sexes of Chasmodon 
apteru^ are destitute of wings ; 
the females of one species of 
Spathius, and also those of 
Pamholua and Chaamodon are 
apterous ; in a small number 
of species of varioiis genera 
the wings are so minute as 
to be incapable of serving as 
organs of flight. In the 
genus Alloea the wings of 
the male are shorter than 
those of the female. 



Fio. S68.^iS<«yK9A<umiM rufieeps, femsJo. 
Ani Islands. (AOer Westwood.) 


Fam. VI. Stephanidae. 

ATUennae composed of many (thirty to seventy) joints / hind body 
attached to the lower and posterior part of the median dorsal 

wLo Britiah Braconidae was commenced by the Rev. T. A. 

^ progress, in the Transactions 0 / the E,Uo,notogical 

Socuiy of London; ef. op. eit. 1885. 1887, 1889, 1891. 1894 

2 0 
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plaie. Wings with a distinct costal cdlvle ; head glolose, 
posterior femora frequently toothed. 

This is a doubtful family, consisting of a few anomalous 
Insecta Scbletterer assigns to it only two genera, Stefhanus and 
Stenophasmus;^ both have a wide distribution over the world, 
though we have no species in Britain. Nothing is known of 
their habits, and they are apparently all very scarce Insects. 
The definition is compiled from those of Cameron and Schlet- 
terer. There seems very little to distinguish these Insects from 
Braconidae. 


Fam. Vn. Megalyridae. 

Hymenoptera 'laith short hroad hind hody, which is not separated 
hy a pedicel from the thorax. The female Acts a very long 
hristle'-like ovipositor. Antennae vnth fourteen joints. 

This family is constituted by the Australian genus Megalyra^ 
one of the most interesting of the numerous extraordinary Insect- 
forms found in that region ; the species appear to be very rare 
and not numerous. Apparently nothing is known as to their 
habits. It is quite possible that these Insects will prove to be 
anomalous Braconidae. 


Fazn. VIII. Evaniidae. 


Petiole of the abdomen attached to the upper part of the median 
dorsal plale ; antennae not elbowed, of thirteen or fourteen 
joints. Wings with a moderate number of nervures. Larva 
of parasitic habits. 


This family is composed of only three genera — Evania, 
Gasterupiion, and Avlacus, each possessing a considerable number 
of species ; they agree in the characters mentioned above, and 
may be readily recognised by the peculiar insertion of the 
hind body. This character occurs outside the limite of the 
Evaniidae only in one or two genera of Chalci^dae and 
Braconidae ; it is to this latter family that the Evaniidae must 

be considered most closely allied. 

The species of the genus Evania are believed to live at 

* Berlin enlom. Zeitachr. xxxiii. 1889, p. 197. * 
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the expense of cockroaches (Blattidae), and to deposit their 
eggs in the egg-capsules of those Insects. The species of 
Gaateruption live, in the larval state, on the larvae of other 
Hymenoptera, more especially of such as form nests in wood. 
Very little is known as to the habits of the species of Aulacus, 
but it is believed that they are parasitic on members of the 
Hymenopterous families, Siricidae and Oryssidae. Only the 
most meagre details as to the life history of any of the Evaniidae 
have been recorded. The species of Evania are met with most 
freely where cockroaches abound, and are said, hence, to be 
frequently observed on board ship. Two or three species of 
each of the two genera Eoania and Gasteruption occur in 
Britain. The latter genus is 
more widely known under the 
name of Foenns} 

Fam. IX. Pelecinidae. 

Sex€s very different ; the female 
without exaerted ovipositor, 
hut with extremely long 
ahdoTnen. Articulation 
'between the femur and 
trochanter oblique and 
elongate, hut without divi- 
sion of the trochanter. 

This family at present com- 
prises, according to Schlet- 
terer,* only the three genera 
Pelednua, Ophionellus, and 
Monomachus. The systematic 
position of the Insects is very 
doubtful, and their habits are 
but little known. Pelednua 
polyturator (Fig. 370) appears, 370— 9. 

however, in the female sex, 

to be a common Insect over a large part of the wanner regions 

* MoD^ph, Sohlettcrer. Ferh. tool.^oC. Oes. IFUn, xxxt. 1886, p. 267. etc, ; 
zxzn. 1886, I, ; and Anru RqfmuSn iv. pp, 107, etc* 

Strlifu enlom. ZeiUehr* xzxiUe 1889 , p, 197 , 
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of the New World ; it is in all probability parasitic in its habits, 
the elongate ovipositor of the female Ichneumon being in this 
Insect replaced by an extraordinary linear extension of the abdo- 
men itself. Doubleday has recorded that he saw twenty or 
thirty specimens of this species that had perished with their 
elongated hind bodies inserted into the stem of a tree, from 
which they could not extricate themselves. On the other hand, 
Patton thinks they are parasitic on locusts.^ 

The male in Pelecinus has the proportions of the parts of 
the body normal, there being no elongation of the abdomen ; it 
thus differs very much in appearance from the female. There 
seems to be very little to distinguish Pelecinus from Procto- 
trypidae. The undivided trochanters have led to these Insects 
being placed, by some, among the Aculeate Hymenoptera. This 
character, as we have already shown, occurs also in Procto- 
trypidae. 


Fam. X. Trigonalidae. 

Abdomen ovate, not separated by a pedicel from the thorax. 
Antennae twenty -jive-jointed. Trochanters imperfectly two- 

jointed. Both the anterior and posterior wings provided with 
a well-developed neuration. Abdomen composed of ordy five 
apparent segments. Larva (in some cases') parasitic on Aculeate 
Hymenoptera. 

This family is chiefly constituted by the very rare Insects 
contained in the genus Trigonalys, of which we have one species 

in Britain. Although, so far as appear- 
ance goes, they have little in common 
with the parasitic Hymenoptera, and 
look quite like members of the Acu- 
leate, yet the late F. Smith found a 
species in the ceUs of Polistes lanxo, 
thereby showing it to be of para- 
sitic habits. Although some Aculeate 
Hymenoptera are also of j^rasi ic 

Fio. zi\.—Trigo7udys macxdi- habits, yet the characters of 

frons Caiu. i.i. Mexico. perhaps agree, on the whole, better 

with the Hymenoptera parasitica. The British species is very 

* ArMr. Not. xxviiL 1894, p. 895. 
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rare. The South American genvis, ^omadtTia, looks still more likft 
a bee, and the trochanters are even more imperfectly divided 
than they are in some of the Aculeate group, Nyssonides, the 
outer portion being merely a small piece imperfectly separated 
from the base of the femur. 


Xote, — The citation of Saint Augustine on p. 85 is made in the words 
use.l by Wasmaun in Der TrichUnoieJder, eine natwvnssma^ftliehe Studie 
iiber den Tliierinttxnkt, 1884. 

The authenticity of the passage we have adopted as the motto for this 
volume is somewhat doubtful. It is explained in an " admonitio ad lectorem ” 
of the soliloquy, that this work is probably a compilation by a later writer, 
from two, or more, works of Saint Augustine. Father Wasmann baa been so 
kind as to inform the writer that the idea of the passage quoted occurs 
frequently in the undoubted works of the Saint, as, for instance, de Civitate 
Dei, lib. xL cap. 22 ; Serm. ccxiii. in traditione symbol! IL cap. i. ; contra 
Faustum, lib. xxi. cap. v. etc. The passage quoted is, however, the only one 
in which “ angeli ” and “ vermiculi ” are 
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Abdoven, 109 ; of Hymonoptera, 492 f. 

Abdominal appendages, Ififi, 169, 190 

AeaniAtrpesUs, 76, 76 

Accessory glands, 893, 404 

Ae/uia, 330. 838 

Achonius murorum, 194 

Acini, 126 

Acoustic orifice, 817 

Acridiidae, 901. 279-810, i09 

Acridiides, 910 

Acridium pertffrinittn, 298 ; growth, 186 ; 

at sea, 297 — see also SeAistocerea 
Acrophyllides, 97S 
Aculeate, BtO 

Aculeates and Proctotrypids, 536, 564 
Adler, on alternation of generations, 530 ; 

on galls, 526 f. ; on useless males, 498 
Aeaehna cyanea, 613 ; A.gmndia, labium, 
611 : nymph, 690, 421 
Aeschnlnae, 416 , 496 
Agaonides, 647 
Agal/iemera, 274, 276 
Agiion nymph, 626 
Agrion puldtOlum, 618 
Agrioninae, 412, 

Agriotypides, 667 
Agriotypu* armatut, 667 
Air sacs, 128, 282, 283, 996. 495 
Alaptut axitta, 887 ; A./tueuliu, 538 
Alar organs, of earwigs, 206 ; of Blattidae, 
ips ; of Mentidae, 245 ; of Pbasmldae, 
^C69 ; of Acridiidae, 981 ; derelopment 
of, in .earwigs, 212 ; in Manii^ 248 
— see hiso T^mlna, Wings, Elytra 
Alary muscles, 134 
Albards on RaphidUdes, 443 
Alder flies, 666 ^ 

Aleiavpteryz, 47 t 

Alimentary canal, 123-127. 403. 446 ; of 
may-flies. 438 f. ; of PaiionM, 460: 
closed, 457, 466, 496, 544 


Alitrunk, 489 f., 690, 492 
AUoea, 661 

Alternation of generations, 497, 530 
Amber, Uyriap^ in, 74, 76, 77 ; Insects, 
179 : Apten, 196 ; Blattidae, 239 ; 
llantidea, 268 ; Phasmidae, 276 ; Pso- 
cidae, 397 ; Perlidae, 407 ; Phryganeidae, 
485 ; Tenthredinidj^ 518} C^pidM, 
533 

Ambua, 40 
Aaieles, 245 
Ametabola, 158, 174 
Amnion, 148, 645 
Amnios, 291 

Amorpboscelides, 251, 969 
AtnorpAoecefu annwfieornt^ 251 
AmpMbiotica, 649 
Amphieniomum paradoxum, 397 
Amputtx, abdomen, 492 
Ampulla, 290 
A nylispea, 76 

ATuxbUia /ureaia. mouth-parts, 676 ; A. 

nervosa, larva, 676 
Anabna purpuraseens, 321 
AnapUUa axteea, folded wing^ 997 
Anaplocttnae, 940 

Anatomy — see External Structure and 
Internal Anatomy 
Anaxformostu, 610, 414 
Anderson, Dr. J., on Oongylus, 254 
Aneehura scabriuseula, 906 
Anisolabis metritima, 906 ; A. moesfo, 906 ; 

A. Uumanioa, 916 
Anisomorpha pardalino, 976 
Anisomorphides, 978 

Ai^pteridea, 412, . 4 x 4 , 496', nympbsK 

Ancmalpn^ meUniorpliofti% B 58 
AnonuUopieryz^ 464 
AnoMtcstovia 386 

Anouta^ 190 
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Aot, braiti» 119 ; nervous system, 495 ; 
castes, 500 

Ant destroyer, 545, 559 
Ante*clypens, 93 
Antennae, 97 ; gro^vth of, 212 
Anthophora retusay ))arasites of, 544, 545 
Anthoph^yrabia ret^isa^ 645 
Ant'lions, 453, 454 
Anurt^ mariiimaj 194, 195 
AorU, 133, 134 
Apantdes glo^nertxtuSy 561 
Apatania^ 481 ; A. atciicay A. mulUbris^ 
481 

Apex, 113 
AphUothrix^ 631 
Apocrita, 519 
Apoderoe, 103 
Apophysis, 103, 620 
Appendages, 91, 188, 189, 190 
Apteni, 172, J80-189 
Apteroiis Insects, 205, 316, 317, 330, 234, 
335, 252, 361, 363, 364, 269, 272, 274, 
277, 299, 302, 303, 307, 321, 333, 333, 
324, 325, 326, 329, 518, 656, 561— see 
also Wingless Insects 
Apterygogeoea, 176, 196 
Aquatic Acridlidae, SOI, 803 ; Aq. Hymen* 
optera, 538, 657 ; Aq. Pbasmids, 272 
Aracbnides antennistes, 77 
Archidesmidae, 76 
Archide^muSy 76 
Archijulidae, 76 
Archipolypoda, 74, 76 
Arolium, 105, 223 
Arrhenotoky, 141, 498 
Arthromeres, 87 
Arunuiiia ferula^ anatomy, 262 
Ascalapbides, 469 f. 

AscalaphuB coccqjuSy 459 \ A. longio>rni$^ 
459 ; A. macanmius^ 460 ; egga, 460 
Aschipasma catadrofnus, 363, 266 
Ascbipasmldes, £7S 

Asbiuead, on Mymarides, 537 ; on Procto* 
trypids, 637 ; on ScUroderma, 536 
Astroma, 800 
Asymmetry, 316 

Aihalia {centifcliae) spinarumj 515 
Atropinae, 894 f. 

Airopos divinaUfruif 394 f., 396 
Aila {Oecodcma) uphaloUSy 501 
Attitude, 248, 250, 256, 268, 514 
Attraction of light, 230 
Auditory organ, 400 ; of Cofofermea, 355 
— see also Ear 

Audouio on thorax, 100, 101 

AulatUBy 66B 

AiUaXf 532 

Avicenna, 41 

Axes of body, 113 

BicnxiDES, B78 
Ikuilitis paUUifBT, 263 


Bacteria^ 376 
Bscleriides, 277 
Bacnnculides, 27 » 

BaitiBy 4S3 

Ballosiama^ 196 

Ballowitz on spermatozoa, 140 

Barber, Mrs., on S. African locust, 294 

BarbitUtcB yersinia 321 

Bamston on Perlidae, 402, 405 

Barriers with eggs, 461 

Bose, 113 

Basement membrane, 162 

Bassett on oviposition of inquilines, 532 

Bataillon, on metamorphosis, 131 , 168 ; 

on reversed circulation, 135 
Bates, on singing grasshopper, 319 ; on 
Termites, 375 

Bateson, on forceps of earwig, 209 ; on 
antennae of same, 212 
BatrachoUtlix tohitiy 305 
Bedeguar, 537, 531 
Bees kill^ by LocusUiy 321 
Belt on domestic cockroaches, 231 
Bermuda, 33 

Bertkau, on PsocuSf 391 ; on micropterons 
Psocidae, 394 
BeOiylus habits, 535 
Bherwa, 326 

Bird eaten by Mantis^ 250 
Bird4ice, 345, 851 
Biting^lice, 345, 351 
BUtaaUy 451, 463 ; B. 453 

Blabera^ 285 ; wings, 337 j A figonUa^ 
333 


Slaberides, £4^ 

Hack beetle, 221 

HaojcHdae, 44 

3la7^^UB, 44 

Haatoderm, 147 

Hlasiophaga grosspruv^, 547 f* 

Bialia, 240 

Jlaltidae, SOI, 220-241, S40; parwltea 
of, 663 
Hattioae, £40 
Hind Insects, 217» 233 
3Iood, 132 

3Iood*gillB, 479 , 

Blowfly, egg. 146 ; 163 

Bolivar on eyes ot MachutBy loo 
Bombus, doTwd vessel of, 188 ; meUmor- 
phosis, 497 ; A fueorwm, 488 
Bombyllidoe, 291 

Bounet and Finot on EvgasUr, 3^4 
Book -lice, 890 f. 

Bonus hiemalit, 481 ; Isrva. 458 
Boutan on concealment of leaf-like 
sects, 323 

Brocbyscelidea, 626 
Braehystola magna, 808 
Braehytrypes msgaeephalus, am 
Braeon j^pebrator, 669 
Braconldae, SbS f- 
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Bradford Care, 3I>TiApods In* 3. 

Brain, 118, 120 ; of ant, lid ; of Perlidae, 
404 

Branchiae, 401, 421 — see also Gills 
Brandt on nervous system, 119, 495 
Brauer, on classification, 175 ; on median 
se^ent, 491 ; on hypermetamorpbosis, 
ICO ; on Menorhyncha, etc., 161 ; on 
j4scniaj}hus larva, 460; on development 
of 464 ; on Palaeodictyop> 

tera, 486 ; on Panorpa larva, 452 ; on 
iegmina of Phyllium^ 270 
Breitenbach on Proscopiides, 299 
Bridgman on British Ichneumonldae, 557 
Briudley on growth of cockroach, 229 
British, Myriapods, 36 5 Ortboptera, 201 ; 
earwigs, 215 ; grasshoppers and locusts, 
308 ; crickets, 339 ; Psocidae, 395 ; 
Perlidoe, 406 ; Odonata, 424 ; Sialidae, 
444, 448 \ Chr^'sopldes, 469 ; Trichop* 
tera, 480 ; Phytophagous Hymenoptera, 
504; Siricidae, 510; Cynipidae, 533; 
Ichneumonldae, 557 ; Braconidae, 561 
BrongniarU on fossil Insects, 428 ; on 
fossil Keuroptera, 343 ; on Nenrop- 
teroidea, 486 ; on post-embryonic de- 
%*eIoptnent of locust, 287 ; on young 
ManiU^ 247 f. 

Brongniart and Becquerel on chlorophyll 
in Phyllium. 268 

Bruner on variation of Orthoptera, 304 
Brunner, on Hypertely, 322 ; on classifica- 
tion of Orthoptera, 202 ; of Blattidae, 
240 ; of Mantidae, 259 ; of Phasroidae, 
277 ; of Acridiidae, 309 ; of Locustidae, 
328 ; on variation of Oedip^a, 304 
Bryodtma tuherc\Uata^ Ml 
Bngnion on histolysis^ 166 ; on £ncyrtiu, 
545 

Boiler on Weta-pnnga, 326 
Burchell on MatUU, 249 
Burgess on P#octa, 391 f, 

Bunneister on Mantidae, 250 
Bursa copulatriz, 1S9 

CaDDTB-rLnss, 473 f. 

Caecum, 125 
Oaent4 dimiduUa, 442 
Calcares, 104 
Calepteryginae. 422, 4£S 
CaltpUryxy 427, 420 , 422 ; its ms' para- 
site, 538 

Callimenidea, 818, 329 
OaUifrumu hidtguarU^ 532 
CatopUnuM ^elus, 288 f., 289 , 298, 308 ; 
development, 289 

CalcUrm€SjUiviectttSf 362, 863, 871 , 876 ; 
a ncdulattis, 809 ; C. rugoius, 808 , 
882, 888 

C«lir«rt oa Odonata, 412 
Oalvina atrosifnata, 268. 378 
C^rx, 888 , 489 


Cameron, on ant-parasite, 545 ; on gall- 
producing plants, 527 ; on partheno- 
genesis 498, 499, 517 ; ou Pimpia 
larva, 557 

Camerano on earwig^ 211» 21 3 
Campodea, 61 ; staphylitui^, 18 ^ 183, 

Campodeidae, ISS 
Citmponolus, nerves 496 
Cannibalism, 425, 477 
Cantfaaridae, 291 
Capnia rertiaiis, 40*^ ' 

CaprificatioD, 547 f. 

Capsule of eggs 201 — see also Egg-capsule 
Camphracius cincius^ 538 
Carboniferous, Myriapods, 75, 76 ; Insects, 
196. 238 f., 259, 276, 408, 428, 442 f., 
449 

CardxopJtorus larva, 90 
Cardo, 95 

Carnivorous and vegetarian, 250 
Carpeuter bee wings, 494 
Carruthers ou locust swarm, 292 
Case, Hymenopterons, 514 
Cases, caddis- fiy, 476 f., 480, 481, 482, 
483, 484, 480 
Castes, 500, 001 
Caudal branchiae, 423 
Cave, Myriapods, 34, 37; Insects, 107, 
451 ; Locustidae, 321 ; cockroach, 232, 
233 

Ctcxdomyia, parasites of, 536, 537 
Cenchri, 511 
Centipedes, 30, 36, 40 
CtphaltKoema lintaiOy 299 
Ctphai<momia fora\icifoTmi$. 536 
Cephidae, 604 f. 

CtphuM integer, 505 ; C. pygmaeus, 005 
Cerci, 110,183,216, 257, 337, 400: of Blat- 
tidae, 224, 238 
CVrvuz4i'a, 35 
t ermatiidae, ^6 
Ceroyt eaerissima, 264 
Cervical sclerites, 99, 99 , 409 
Cbalcididae, 539 

Chaiieceioma mureiria, nest, parasites, 640 f. 

Changing colour, 288, 253, 267, 268 

C?xaemeden apterue, 561 

Chatin on labmiu, 93 ; on mandibles, 95 

Chauixodes, 447 

Cheeks, 94 

Chematebia hrumaia, parasites, 521 
Chetidura dilaiata, 206 
Cheshire on fertiliBataon of bee, 499 
ChiUupis towii, 530 ; C. nitideu 531 
Chilian Insects, 447, 463 
Chilognatha, 80, 43 , 47, 76; development 
of, 63-72; structure of, 52-66, 08; 
double segments, 53, 70 
ChUopoda, SO, 33, 44^ 47, 62, 74 , 76; 
stmeture of, 66-59 ; development of. 
70-72 


570 


PERIPATUS MYRIAPODA — INSECTA 


Chitin, 162 

ChitiiK^etious cells, 162 
Chlorophyll in tegmioa, 269 
Choeradodis cancMata^ 262 
Cbolodkovsky, on head, 87 ; on styles of 
cockroach, 224 \ oa embryology of 
Phyllodromia^ 237 ; on morphology of 
sting, 493 
Chcrdeuma^ 31 
Chordeumidae, 44 
Chordotonal organs, 121 
Chorion, 144 
Charisoiieura^ 240 
Chromosomes, 146 

Chrytopa eggs, 469 ; larva, 469 ; C. asper$a^ 
470 ; C.Jlava^ 469 ; C pallida larva, 470 
Chrysopides, 409 f., 472 
Chun on rectal gills, 422 
Chyle, 133 

Chylific ventricle, 125, 228 
Cimbex abdomen, 493 ; abdominal articn* 
iation, 492 ; dorsal vessel, 134 ; C. 
tkzrum, saws, 512 
Cimbicides. 611, 517 
Cinura, 182 

Circulation, 132 f. ; in caudal setae, 485 
Cladomorpbides, 278 
Cladcnotus humbcrtianus^ 301 
ClaasihcatioD, 171 f« ; of Blattidae, 240 ; 
of Mantidae, 259 ; of Phasmidae, 277 ; 
of Acridiida^ 309 ; of Locustidae, 328 ; 
of Gryllidac, 340 
Claws, 105, 106, 469 
Clitumnides, 278 

CloiOTt^ eyts^ 430 ; C. dimidialuTny larvule, 
432 ; C, dipUnrOy nymph, 432 ; respira* 
tion of nymph, 435 

CloihUlay 895 ; Q. puUalariOy 395, 396 ; 

anatomy, 392 
Clypeus, 92, 93 
Cockroaches, 220 
Cocoons of sawfly, 515 
Coeloblast^ 149 
Coleoptera, 173 
CoUemboU, 182y 189 f. 

CoUophore, 193 
Colour, 200 
Commissures, 116 
Common cocoons, 515 
Compass Termite, 386 
Complementary Termites, 861 
Compound eyes, 97, 480 ; ( = facetted eyes) 
in Myriapods, 36 

Concealment by morement and position^ 
268 \ by selection of place, 308 
Coniopterygides, 47/ 

Caniopieryx luUa^ 471 ; C. pMOC\farmis^ 
471 ; (7. tiru}formUf 472 
Conocep halides, 313, 327, S2S 
Copiophara comutaf 313 
CardiUegasUr, 415 ; C annulatuif 415 
Cordulegasteiinae, 4^ 


I Corduliinae, 426 
Correlative variation, 536 
Corrodentia, i7J, 389 
Corrosion by Termites, 360 
CorydaliSf 447 ; C. crassicamis, 447 
CorydaloidtM aeWden*, 344 
CarydiOy 221 ; C pUiveriaruiy 233 
Corydildes, 241 
Coryiuiy 550 

Corynothrix bortalu, 191 
Costa, 108 

Cotes on Indian locusts, 298 
Cotylo$07na dipneusticum^ 272 
Coxa, 33, 104 . 

GraspedfUoma f 76 
Crawlers, 447 ( 

Creepers, 407 \ 

Cretaceous Myriapods, /v 5 ; dnsects, 485 
Creutzberg on circulation, 486 
Cricket, 330, 338 

CriocerU asparagU legs of larvae, 106 
Crop, 114, 124, 495 
Crunoecia irrarala, case of, 430 
CrypUdes, 557 
CryptcceruSf abdomen of, 109 
Cryptop^ 36, 41 
Crystalline cone, 93 
CucuUigera Jtexuosoy 304 
Cunningham on &g fertilisation, 549 
Cursoria (Orthoptera), 201 
Cuvier, 77 
Cyclops form, 036 

(^lindrod€$ campbellii, 386 ; C. kochiy 383 
Cynipidae, 523 . ^ 

Cynips aciculalOj 581 ; C. rfwfwAa, 530 ; 
c. folii, 680 ; C. koUan, 530 ; C. Ixgni- 
cola, 530 ; C. tpongifica, 631 
Cyphoennia aestuanSf 266 
Cyprus, 32 

Cyriaphytlus concaviu, 820 ; C. ertpuanSf 
311 


Da&L and Ockler on feet, 105 

D’ Albertis on may-flies, 441 

Damsel-flies, 417 

Dancing may-flies, 489 t 

JlasyUpttiS lucasiiy 196 

Death-watch, 895 f- , . . . 

Decaux on cannibalism of mole • crickeV 




Deception, 250, 265 
Decoys, 257 
Decticides, 329 
De Oeer on earwigs, 214 
Degeeriidae, 190 
Deinacrida keieracanthOy 32o 
Demoiselles, 417 

DendroUon pantherinus, 

Denny on Manlu in Englamh 258 
Derham on death-watches, 396, 397 
Dermaptera, 202, 216 
Dermatoptera, 202 
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Deroealymmaf 235 
Dtfvptaty$ saravnea^ 243 
De Mussure, on Orthopt«r&» 202 ; on wing?$ 
of BUttid^e, 226 f« ; oo c1assi6cAtio& 
of Gryliidae, 340 ; on BemvneruSf 217 ; 
on nomoDclAture of Blattidao, 240 ; on 
oc^ADS AS bArriera to migrAtioD» 297 
Desert Inaecta^ 253» 304 
Deoterotokj, 141, 497 /. 

Deuto-cerebron, 118 

Development, of elar organs of Bta(j/eUts, 
312 ; of crickets, 882— see also Em* 
bryology and Metamorphosis 
Devonian, 428, 442 

Dewitz on caste, 500 ; on ovipositor of 
LocubUl^ 814 ; on morphology of sting, 
493 ; on internal l^s, 496 ; on develop* 
meat of wings of Phryganeidae, 479, 
430 ; on dragon-fly nymphs, 423 ; on 
Chryscpa larva, 470 
Diaphana fiAeri^ 236 
l>%aph€rom€ra/€7rwrcUa, 263, 264, 265, 267 
Biasttx^huBt 532 
Diaulus, 484 

l/ieranotOy larva, glands of, 142 
Didponeura, 277, 344 
Didycpteryz miavctphaht 406 ; D. 
fuUa^ 401 

DidoceruB eUisii^ 615 
Digestion* 127 
Dilarina, 46 S 

DUke, Sir Charles, on Orchis-like Manlig 
264 

Dimorphic cocoons, 660 t males, 547, 549 

DipUcironOy 479 

Diploglossata, 217 

Dlplopoda, 43 , 53, 74 

DipUjfiera ^pha folded wing, 227 

Diptem, 17S 

Disgorgement, 495 

Distant on S. African locust, 298 

Ditrocbous, 494, 620 

Divided eyes, 409 

I>ocophoru$ /uBcicetliB anatomy, 343 ; 

D. ieUrodes. D. cygniy 849 
Dog, biting-louse of, 849 
Dohra on tracheal system of OryUUalpa 
132; on embryology of OrylioUUpa] 
386 

Doliehofioda palpaia, 881 
Doml veaseJ, 188, IM ; nvened action, 
485 

Dorsum, 100 
Dragon-flies, 409 
Drmkes, 441 

I>npan^Uriix ]^uUatnoida, «08, 408 : 

wlngi, • > , 

Drones 490 
Dniinmen. 287 

on doeapiUted Mantit, 250 

on «gg-cap«Qla of cockrcwch, 228 

- ^>actm ejaoulatoiiui, 140 


Ihidley and Beaumont on Termites, 872, 
387 

Dufour, on alimentary canal, 124 ; on tra- 
cheal system, 139 ; on air sacs of Acri- 
diidae, 283 ; on seiual organs, 138, 
139; on testes. 140; on phonation, 
280 ; on Tridaetylxu, 838 ; on Man- 
tidae, 240 ; on earwigs, 210 ; on ana- 
tomy of cockroach, 228 ; on anatomy of 
OryUata ip a^ 835 ; on anatomy of Ter- 
mites, 300 ; on anatomy of Panorpa, 
450 ; on larra of Sialu, 446 ; on Afyrme- 
f«on larva, 458 
Duns, 441 
Dnst-lice, 390 f. 

Dwellings of Termites, 385 f. 

Dyliteut, niesothorax, 101 ; egg-tube, 138, 
139 

Dzierzon theory, 499 

Ear, 101, 121 ; of Acridiidoe, 285 f.. 380 ; 
of Locnatidae, 316 f., 310, 817 ; of 
crickets, 332 ; of OryUotaJpa. 383, 334 
Earliest Insect, 238 

Earwig, 202 f., 211, 218, 214 ; forceps. 

208 f., 309 ; wing, 306 ; the name,<2i4 
Eaton. OB nymph, 157 ; on EpIie iR i iB^ ' 
436. 437. 440 

Ecdyais, 156, 102 ; natnre of, 169 
EeUbiOt 286 ; E.lopponiea, egg-capsule, 339 
1‘ktobiides, S 40 
Ectoblast, 149 

Ectoderm, 146 ; of Pensofua, 20 f„ 33 
Ectognathi, 189 
Ectotrophi, 189 

Eggs, 143-145 ; ofPert>afua, 19 ; of Myria- 
pods, 38, 89, 64 ; of Aaealaphua, 480; 
growing, 613 ; of parasites, 552 ; of egg- 
parasites, 646 ; of CorydatiM, 447 ; of 
Cynipidoe, 628 ; of Zfmoeocfu, 168 ; of 
Mallophaga, 348 ; at Alieneentrum, 814 ; 
of Phasmidae, 300 . 270 f., 370 ; of 
Perla, 404 ; of Siati*, 440 ; of Trichop- 
tera, 476 ^ 

Egg-capsule, 265, 290 ; at PhyUium, histo- 
logy. *71 

Egg-parasites, 622, 636, 638 
Effi-tBbes, 187, 189, S98->eee also Ovaries 
XUHieut^ 76 

Eisig on cbitinons excretion, 130, 163 

Ejaculatory duct, 393, 414 

Ejection of fluid, 264, 324, 399, 616 

Xlatmoaoma^ 669 

JHaUr larva, 29 

^i>aoeua bnvittylu$, 393 

Elytra, 108 

Embia, 308, 363 

Embidoptocut, 395 

Embiidae, 361, 396 

Embryology, 145-153 ; of Peripatut, 19 f. ; 
of Myriapods, 63 f. ; of parasites. 522 ; 
of earwig, 216 j of Blottfdae, 237; 
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£ncyrtuSy 546 ; of Oryllotalpa^ 836 ; of 
Polyn^nuXy 538 ; of Smicra^ 545 ; of 
ProctotrjT)idae, 536 f. 

Emergence from egg, 263, 264, 290, 291, 
313 

Empodiam, 105 

Kmpusa pauperata^ 245, 25 T 

Empn^^ides, sf59 

pncyrCits /uscicoUi^ development, 545 
Endoblast, 149 

Endoderm, 148 ; of Peripatiis, 20 f., 22 
Eodolabium, 97 
Endo-skeletou, 399 
Eiieopterides, S40 

Enock on Alapiits nnd Caraphra^Cus, 538 

Enoicyla pusUla^ 481 

Entognathi, 189 

Entomology, 86 

Eutothorax, 103, 114, 116 

Entotrophi, 189 

Eocene, 407 

EpKcinera, 434 ; E. danicOy 429, 441 ; 
wing, 431 ; E. vulgaiay 441 ; nymph, 
433 

Ephemeridae, 4^9-443 
Ephippigera Malpighian tubes, 335 ; E> 
rugosiccllisy 323 
Ephippigerides, 318, S20 
Epiblast, 65, 149 
Epicraninm, 92, 93, 93 
Epidemes, 107 
EpiUmprides, 240 
Epimeron, 100, 101, 104 
Epiatemum, 88, 100, 101, 104 
Epistome, 92 

EpitbcHiim of storoacli, 126 

EreniiaphUoy 243, 253 ; E. (ureica, 253 

Eremobieos, 304 

ErianthuSf 301 

Erichaon on Nenroptera, 342 

Eme CD Jihyssaf 554 

ElMaUina matubachensis, 238, 230 

Bucharis myrratciaty 545 

Euchrorrutf head and neck, 99 

EucorybaSf 37 

RugasUr gxiyoniy 324 
Rugtrton bockingiy 486 
Euifugalodon btarvchardiy 327 
Eumegalodonidae, 327 
Eu ortho ptera, 216 ^ 

Euphata^ 422 
Ruphoberioy 76 
Euphoberiidae, 73, 76 
Euprepocnemis ploraMy 303 
Kurycaniha australis^ 274 
Kuryioma dbroianiy 539 
Eusihenia sptcUibiliSy 407 
RuienneSy 374 ; R. ripperiXy 388 
Ruihyrhaphay 226 
Evania, 662 
EvatJiidae, 662 
Exner on sight, 416 


Exodus, locust of the book of, 298 
Exsertile blood>sacs, 132 
External parasite, 655 
External structure, 87 ; diagram, 83 ; of 
earwigs, 203 f. ; of cockroaches, 221 ; 
of Mantidae, 242 f. ; of Phosmidae, 
260 f. ; of Acridiidae, 280 f.; of Odon- 
ata, 409 f. ; of Ephemeridae, 430 f. ; of 
Paixorpay 450 ; of Pbryganeidae, 474 ; 
of Hymenoptera, 489 f . ; of Tenthre* 
dinidae, 511 

Eyes, 97 — see also Compound Eyes and 
Ocelli 


Fabrb on Ltuccspisy 540 ; on Moncdon^ 
(omeruSy 543 ; on SireZy 509 
Facetted eyes — see Compound Eyes 
Family, 177 
Fasting, 448, 458 
Fat* body, 136 

Feeding, by Termites, 376 ; young, 495 
Femur, S3, 104 
Fenestra, 221 

Fenestrate membrane, of eye, 93 ; of peri- 
cardinm, 134 

Fertilisation, 499 ; of fig, 549 

Field-cricked 332 

Fields of wings, 206 

Fig-InsectsS, 547 f- 

Figitides, 626 

Pinot on JapyXy 196 

Fire-brats, 186 

Fischer on instaTS, 158 

Fish destroyed, 425 

Fletcher on parthenogenesis, 498 

Flight, 416 

Floral simulators, 254 f- 
Ftying-machiue, model for, 417 
FoenxUy 669 

Foetus of HemimeruSy 218 
Foramen, occipital, 92, 94 
Forbes ou Blattid, 235 
Forceps of earwigs, 208, 209 
Forel on nervous system of ant, 495 
For/cula auriculariay 202 204, 209, 

211 ; F. gtganUa, 210 
For&culidae, 20 If 202 
Formica-leo, 456 


nicajo, 456 

472, 485 486 , AcH- 
idae, 308 ; Blattidae, 23^ 

IS; Myriapods. 72 f.; Palaeoiolc Neu- 
piera, 348 

iding cominnnlues, 351 
milions, 466 
1 , hiting-louse of, 350 
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Fnt 2 « OQ Ephemerid alimentary canal. 
439 

Frons, 94 

Front wings absent, 260 f. 

Fungus cbambers, 987 
Pungus^growing Termites, 385, 387 
Funiculus, 492 
Furca, 103 

Furcal orifices, 399, 402 

Gauipaoos Islands, 459 
Galea, 95 
Gall-fiies, 528 f. 

OolU, 614 f. ; nature of, 525 f., 533 
Ganglia, 118 

Ganio, on metamorphosis, 162 ; ou embry- 
ology, 536 f., 538 
OasUruption, 66S 
Gena, 94 

Geophilidae, 4^, 58, 75 

Ouiphilus, 33, 36, 39, 46 ; marine, 30 ; 

phosphorescent, 34 
Geoscapbeusides, SJ^l 
Qmphemcra Mxinplcc^ 428 
Gerstaecker, ou Keuroptera, 343 ; on 
mouth of Odonato, 411 
Giebel on MoUophaga, 347 
Gigantic Insects, 276, 806, 423 
Gilbert White, on mole-cricket, 333 ; on 
field-cricket, 339 

Gills, 132, 400, 421, 432 f., 478 ; joinUd, 
445, 446, 467 ; filamentous, 476 ; 

spongy, 447 ; protboracic, 443 ; of 
pupa, 483 ; on imago, 401, 479 : blood- 
gills, 479 

Oiraud on Cynipid oeiposition, 528 
Gizzard, 124, 126 
Glacier water, 405 
Glande s4bifiqu«, 139 
Glands, 139, 142 ; conglobate, 229 ; maiil- 
lary, 488 ; mushroom, 228 — see also 
Salivary Glands 

OlandxUae odoriferae^ 31, 36, 54 
Glomeridae, 43^ 76 
Olcmeris, 33, 43, 62 
Gu&thites, 94, 97 * 

Golden-eyes, 469 
Goldi on eggs of Phasmidae, 265 
Gomphlnae, 4£6 
Oomphocertu. 308 
OomphuSf 416 
Qonapophysla, 110 
Q<moylut gongyloidts, 254 f., 268 
Goscb on median segment, 491 
Ooureau on JUicrogasler, 560 
Oraber, on dorsal vessel, 134; on blood 
cells, 187 ; on embryology, 148-151 ; 

286 ; on ears of Locustidai-, 
316, 317 ; cn chordotonal organs, 121 ; 
on blood, 133 ; on phonation of S(eno^ 
boihruM, 284 ; on PlatycteU. 312 
Grassl, on Myriapoda, 47 ; ou Campodeoy 


163; on Einbia^ 353 ; on Termitidae, 
361 f. 

Grassi and RovelU on Tbysaoura, 182 
Green grasshoppers, 311 
Green, Mr. Slaoifortb, on Htiicomilus 
larva, 461 

Oromphadorhina porteniesa, 235 

Grosse on MoUophaga, 346 

Growth of wings, 393 ; of Mantidae, 248 

Gr>*llacrides, S39 

Gr)Uidae, SOI, 830-340, 340 

Gry Hides, 340 

QrylloUUpa, 332 ; dorsal vessel, 134 ; 
Malpighian tubes, 127 : tracheal system. 
132 

Gryllotalpides, 340 

Oryilus, head, 93 ; G. camptairis, 332, 
339 ; O. donusticfu. 330, S38 
GuUding on Uluia, 461 
Gala, 88, 93 
G>*Ti cerebrales, 119 
Oyropus, 350 

Haasb on abdominal appendages, 189, 
192 

Haemocoele, 22, 23 

Hagen, on s^tnents, 88 ; on wing-rudi- 
meuts, 395 ; on respiration of immature 
dragon-fly, 423 f, ; on larvae of Ascala- 
pbides, 460 ; on amber Psocidae, 397 ; 
on PUiUphemerxiy 428; on Perlidae, 
401 ; on Psocidae, 393 f. ; ou Termites, 
360 f. 

IlatdmaTuUa, 308 
Iltdttus guUaiipennis, 473 
Holiday on BeVtylus, 535 
HalcbaUa, 83 
Halteres, 108 

Hansen on Memivterus, 217 
IlaptogeniuMy 461 
J/aplqphl^btum, 345 
Haplopua grayi, egg, 360 
H&rpagidea, S59 
Harpalua ealigintmu, head, 93 
Harpax ocOiata, 253 ; H. xnHegatus, 8M 
Harrington on Oryamr, 607 
Harris on Katydid’ music, 320 
Hart on forms of Atta, 501 
Bartig on gall-flies, 530 
Harvesting Termites, 383 
Harvey on metamorphosis, 168 
Hatchett Jackson on eedysis, 162; on 
oviduct of Lepidoptera. 139 
Haustellata, 94 
Raustelluro, 476 

Haviland on Termites, 368, 373, 384 
Hawaiian Islands, 354, 895, 4‘>5 471 
Head, 92-94 
Heart, 133 
Hea^ 181 

Hdxcomitus inaimvians, 460, 461 
ilfiicopsgehe ahuttioDorthi, cases of, 489 
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Hellgram mites, 447 
HtUrru9 anomolipts^ 534 
Hemerobiidae^ 4SS f. 

Hetnerobiides, ^65 f. 

Heroerobiina, 4^7, 472 

Hcmerobius larva, 467 

Hemiehroa ni/a, 498 

Hemimeridae, SOI^ 217 

Hemimtrui ?uiTiseni, 217 ; foetus of, 218 ; 

Hn tafpoid^s, 218 
Hemimetabola, 158 
Hemiptera, I7S 
HeniiUtcs, 556 
Heuking od embrj'ology, 146 
Heoneguy od egg •capsule of PhyUiuw^ 
271 ; OD embryology of SmicTa, 545 
Htplatjtnia^ 440 ; H, longicauda^ 437 
Hessiao-fly, parasites, 537 
UtUrogamia^ 222 ; aegyptiaca^ 220 ; 

egg-capsule, 229 
Heterometabola, 158 
Heterom orpha, 158 
Hettrophlebia distocala^ 427 
IfeUropltryx grayi^ 262 
Hetrodides, S29 
Hezapoda, 86 

HeymoDs ou earwig embrj'olog}*, 216 

Hind body, 109 

Hind wings absent, 429 

Histoblasts, 167 

Histogenesis, 165 

Histolysis, 165. 166 

Hodotermts japonicns^ 383 ; H. futi'i- 
latidif 384 ; H, mossambicu3^ 356 ; I/* 
bnouuicornis^ 359 ; H. qtiadricoUis, 
371 

HolTbauer on elytra, 108 

UolocampiOy misprint — see Holocompsa 

Holocompsa^ 226. 235 

Holometabola, 158 

Holophtbalmi, 4^9 

Homomorpha, 158 

Hooks for wings, 494 

Hoplolophaf 303 

Hose. 393 

Howard, op pupation of Chalcididae, 550 ; 

on Hydropsycht^ 483 
Hubbard and Hagen on Termites, 388 
Humboldt, 31 
Humpback, 445 

Huxley, on head. 87 ; on cervical sclerites, 
99 

IlydtopsychXf 479 
Hydropsycbides, 4SSi !ar>*a, 483 
liydroptUa augusUUa^ 474 ; II ^ maclach^ 
lanU larva, 484 
HydroptiUdes. 484 
Jiylotoina rosae^ 513 
Hymenoptera, 278^ 487^565 
Jfymenoptera phytophaga, SOS f. 
Ilymenopus bicomis, 253 
ilyptTtU4% 396, 397 


Hypermetamorphosia, 158, 159, 465, 540, 
552, 557 

Hyper parasitism, 521 
Hypertely, 323 
Hypnoma amoena^ 234 
Hypoblast, 65. 149 
Hypoetphaius^ 99 
Hypochrysa^ 470 
Hypodennis, 162, 480 
Hypoglottis, 98 

HyponoTneuta eogjtaUUa, parasite of, 545 
Hypopbar^mz, 96 — see also Lingua 

IcnysuMOJfBS amciti, 5S9 
Ichneumon>flies. 265, SSI \ oniojuriotu, 
264 ; supplementary, 668 
Ichneumonidae, 55i-558 
Ichneumon ides, 657 
IciinuA^ 419 

Imaginal. discs, 165, 166 ; folds, 166 
Imago. 157 
Imbrications, 493 
Imbof on P<rla, 403 f. 

Inaequipalpia, 4S0 
Indusial limestone, 485 
Infra*oesophageal ganglion, 117 
Inner margin of wing, 108 
IftoceUia, 4^7 

Inquilines, 373, 524, 531, 533 
losecto, definition, 86 
Instar, 155, 158 
Instinct of lAueospiSf 541 
Integument, 162 

Internal anatomy, 186 t { of Acndlidae, 
282 f, ; of earwigs, 210 ; of OrylloUU^ 
338 : of Hymenoptera, 494 ; of Libel* 
tula, 414 ; of Mantidae, 246 ; of Jfyr- 
rtideon lai^a, 457, 488 ; of OdonaU, 
414 ; of Slilopyga anenialis, 228 ; of 
Phasmidae, 262 ; of Raphidia, 448 ; of 
SialU lar%a, 446 ; of Thysanura, 187 f. 
Intestine, 114, 124 
Involucrum alarum, 206 
Iris oraioria, 248 
leogenus nttbeeula, 406, 406 
JiopUryx, 400 
Jsosama, 546 
Iso(o9na, 190 


lAiCA, 368 

aMomen of, 109 ; /. Botjfugus, 18^ 

ring, VoD, on Termitea, 887 
It, 105 

it-worms. 646 

r, on Ephemeridac, 431 ; on anatomy 

f PhyUium. 262 

idoe, 84, 4^f 71, 78, 77 

TPm, 74 • Mm . T 

Its, 36-39, 62 ; neiwrensu, 43 , ^ 

trrcs^m, 37, 70, 77; breeding, 37, 
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development^ 6^-6® J heart, 50 ; ovum, 

63, 64 ; eye, 69 
JuroAsic, 216, 259, 407, 442 
Jorine on pieces at base of wing, 102 

Kampecaris, 76 
KareJndi^mt 274 
Katydids, 319, S20 
King, 361, 378 

Klapilek, on TrichopUroas larvae, 484 f. ; 

on A^riotypus, 557 
Knee, 104 
Koch, 42 

Koestler on fitomatogastrie nerves, 130 
Kolbe, on entotborax, 103 ; on wings of 
Psocidae, 394 
Kollar on SirtXy 509 

Korotneff on embryology of Oryllotalpa^ 
336 

Roracbelt on egg* tubes, 138 
Korscbelt and Heider on r^eneratiTe 
tissue, 167 

Kowalevsky, on phagocytes, 166; on re- 
genereiive tissue, 167 ; on bee embryo, 
496 

Kradxhia eoioam, 649 
Krancher on stigmata, 111 
Kmwkow on ebitin, 162 
Kulagin, on embryology, 637 ; otEneyriMS^ 
545 

KUnckel d'Hercnlaia, on bistoblasts, 167 ; 
on emergence of Staurcru>tu$^ 290 

Labia minor ^ 214 

Labidura riparia^ 310, 311, 214, 215 
liibiuci, 95 f of Odonata, 410, 411 ; of 
O. U^a, 430 

Labottlbine, on ^ntirufa marUima, 194 ; 

on PeriOy 399 
Labmm, 93, 63 
L^cewing flies, 453, 469 
LachtMiUOy 395 
Lacinia, 95 

La€mcbo(hriu7ny 847 
Lamarck, 77 

I Amina, sabgenitalls, 224 ; sapra-analis, 
224 

LandoU on stigmata, 111 
Langnette, 96 
Lankester, 40 

lAr^ 167 ; (resting’larva), 164 ; oldest, 449 

Larvule, 481, 433 

LatreUle, 30 

Latreille's segment, 491 

Latzel, 42, 77 

Leach, 80, 77 

Lead, eating, 610 

Leaf-Inaects, 260 

Legs, 104 ; internal, 496 ; four only, 649 j 
of larvae, 106, 110 

Lendenfeld, on dragon-fliea, 416, 417 ; on 
muscles of dragon-fly, 116 


Len^ 98 

Lepidoptera, 17S 

Ltpismoy 166, 196; £. soocAarsno, 186; Im 
nivco^/asciatay 195 
Lepismidae, 28S 
Leptocerides, 482 
LepiophXAia cupida^ 480 
Lesp^ on CcloiervuA, 364 
Lenckart on mieropyle apparatus, 145 
Leucocytes, 137 

Leucospia gigoA^ 640 ; larva, egg, 643 ; 
habits, 540 L 

Lewis, Geo., on InmiDoas may-fly, 442 
Lewis on Pergoy 618 

Leydig, on brain, 119, 120 ; on Malpighian 
tubes of OryUotalpOy 335 ; on ovaries, 
137, 142 ; on glands, 142 
Uas, 216, 239, 340, 427, 428, 453, 485, 
503 

LxbtUago caligaiOy 413 
LibeUuIa quadrimacuiaUif 411, 425 
Libellulidae, 409 
Libellulinae, 416, 426 
Lichens, resembluce to, 253 . 

Li4nard on oesophageal ring, 118 
Light, attraction of, 441 
Ligula, 96 

Lilies and dragon-flies, 426 

Litnacod€3 eggy 163 

Limnoph Hides, 481 

Lingua, 96, 96, 891, 411, 430, 437 

Linnaeus quot^ 84 

Liotbeides, 346, 550 

. Lipeurus htUregraphuSy 346 ; baciU%is, 
347 ; L. temaiuAy 349 
Xtpurci burmeisteriy 190 ; L, mariltmOy 194 
Lipuridae, 190 

Liqnid emitted, 264, 324, 399, 515 
LisMOfiota selosoy 661 
Litbobudae, 4Sy 70, 76 
LilhcbittSy 32, 36-39, 41, 46, 68 ; breeding, 
38 ; structure, 48, 49, 67 
LUAotnaTUiAf 259 ; L, carbonarioy 344 
Li€ustay ovipositor, development and struc- 
ture, 316 ; L, viridissimoy 318, 819, 321, 
824, 827 

Locustidae, 201, 911-i29, 823 
Locostides, 829 

Locasta, 291 f. ; of the Bible, 298 ; in 
Snglud, 299 ; swarms, 292-299 ; ens, 
292 

Loew on anatomy of PanorpOy 460 ; of 
JtaphidiOy 448 

Lonebedes duivenbodiy egg, 366 ; £h nema- 
tedesy 260, 361 
Lonebodides, 277 

Longevity, d77t 429, 438 ; of cockioaohi 
229 

Lepaphus eocophagus, 264 

L^:>hynis piniy 611 

Low on ChniepUryXy 471, 472 
L6w, F., on snow Insects, 194 
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Lowue, oa embryonic segments, 151 ; ou 
iutegumeDt) 162 ; on stigmata, 111 ; on 
respiration I 130 

Lubbock, Sir John, on Pauropus^ 62 ; on 
aquatic Hymenoptera, 538 ; on auditory 
organs, 121 ; on sense orgaus, 123 ; ou 
respiration, 130; on stadia, 165; on 
Cl^n^ 432, 437 ; on CoUemboLa, 192 ; 
on Insect intelligence, 487 
Lucas ou mouth •parts of IVicboptera, 475 
Luminous may-flies, 412 
Ljcaenidae, eggs, 144 
Lyounet on muscles, 115 
Lysiopetalidae, 7G 

MAcarLiDAE, 134 

MiichUxs 185 ; J/. polypocUi^ 184 

Miuronenia^ 478 
Malacopoda, 77 
Mallophagn, 342, 545-350 
Malpighi on galls, 525 
Malpighian tubes, 114 , 124 , 127, 187, 
353, SCO. 392, 403 . 414, 421 , 448, 457, 
468 ; of Gryllotal^M, 336 ; of Ephippigera, 
335 ; of ManiU, 246 ; of Myriai>ods, 
48 

Malta, M)Tiapods at, 35 

Mandibles, 94, 96 ; absent, 474, 475 

Mandibulata, 94 

sMandeara, 304 

Maatidae, SOI, 242-209, SSO 

Mantides, SSO 

J/ands, immature tegmina, 248 ; parasite, 
546 ; J/. rtligiosa, 246. 247 258 
Mandspu artolaris, 463 ; SI* stynoca larva, 

464 

Mautispides, 403 t 
Sfantoida luUoUt, 261 
Marchal on Malpighian tubes, 127 
Marine Myriapods, 30 
Marshall, on Apanldts cocoons, 560 ; on 
Braconidae, 561 
Mask, 420 

Mastacides, 801, 309 
Mastax gutlnixis, 301 
Maternal care, 214, 336, 517 
Maxilla, 95, 96 ; of Odonala, 411 ; absent, 
190 

May-flies, 429 ; number of, 442 
Mayer, on Apterygogenea, 196; on capri- 
fication, 647 , 548 
Mazou Creek, Myriapotls at, 75 
M'Coy ou variation of ocelli, 267 
M'Lachlan, oa Ascalaphides, 459 ; ou 
Oligotovui, 354 ; oa Psocidae, 395; ou 
Trichoptera, 480 f. 

Mecaptera, 174^ 453 
Mechanism of flight, 416 
AfecidogtisUr, 412 
Mecofitirui varium, 321 
Mecouemides, 338 
J/tcopoda, 319 


Mecopodid^ 32S 
SleeosUlhus grosstu, 286, 299, 308 
5Iedian plate, 504, 506. 507, 512 
Median segment, 109, 490, 491 
SiegachiU, nervous system, 496 
Mtgaloblatta rvjxpts, 235 
SIcgalomus hirius, 468 
Megalyra, S63 
Sltgalyridxit, SOS 
SItgantura monyU 428 
Megasecopte rides, 344 
SltgoxiigTnus, 547 

Meinert, on earwigs, 210, 211, 212; on 
Sfyr77i€Ugn larva, 457 ; oa stink^glands, 
210 

ifeliiiMa, 545 

Melliss on Termite of St. Helena, SSO 
Melnikow on eggs of Mallopbaga, 348 
Membranule, 413 
Menoguatha, 161 

Jlenopoii Uucostomum, 348 ; if. pallidum, 
360 

5Ieuorhyiicha, 161 
Mentum, 96, 96, 96 
Mesoblast, 20, 65, 149 
Mesoderm, 20, 149 
Mesonotum, 88 
Me^opsocus unipuTUtatus, 394 
Mesothoracic spiracle, 491 
Mesotborax, 101 
Mesozoic, 309, 449, 485 
Metabola, 158, 174 
Metagnatha, 161 

Metamorphosis, 153-170 ; of Hj-menoptera, 
497 ; of nervous system, 495 f. 
Metanotum, 86 
Metapodeon, 491 

iftthonty 200 ; SI, anderssoni, 306, 806 
Miall, on imaginal discs, 165, 167 ; on 
unicellular glauds, 142 
Miall and Denny, ou pericardial tissue, 
135; on epithelium of stomach, 126; 
on spermatheca of cockroach, 228 ; on 

stigmata, 111 ; on stomato-gastric nerves, 
120 

Miamia bronsoni, 449 
SIicroc€niruv\ reUnem, 313, 314, 320 
MicrogajUr, 559 ; M. fultipts^ 560 ; 

globaiua, 560 ^ . . 

Micropterism, 339, 394, 405 f., 484 
Micropyle, 145; apparatus, 404 
Migration, 293, 425 
Migratory locusts, 292, 297 
Millepieds, 41 
Millipedes, 30, 40, 41 
Miocene, 216, 258, 407 
ilolantia anguatuUi, mandibles of pnp^ 

477 

Mole-crickeU 333 ; leg. 333 
Moniez on -4«nnrfa maridtnOy 194 
Monodouloma^s, 532 ; M. eupretis, 5^^ s 
niiidus, 544 
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^foTumachus^ 563 
MoDomorphic ftiit, 498 
Monotrocbous trochanters^ 494» 520» 564» 
665 

Morddla eya, 98 
MormolucoidUs artxeulxUus^ 449 
Morton, on gills of Tricboptera, 483 ; on 
Parlidae, 406 
Monlt, 156 

Moulting, 4S7 ; of external parasite, 556 
Mouth -parte, of dragon-fijr, 411; of dragon* 
flj nymph, 430 ; atrophied, 480 
MdUer, FriU, on caddis-flies, 482 f*; on 
fig-Insecte, 649 ; on Termites, 356, 360, 
374^ 381, 362 

Muller, J., on anatomy of Pbasmidae, 262 
Murray, on Phyllium Mcythe^ 263 ; on 
post- embryonic development of Orthop- 
tera, 265 

Afu4ca, metamorphosis, 163, 167 
Muscle^ 115 

Music, of LoeuslOy 318 ; of Tanani, 319 ; 

of Katydids, 319— see also Phonation 
Mylacridae, 239 
M>'marides, SS7t 538 
Myoblast, 149 

Myriapoda, 1^, 4S, 74 ; definition, 29 ; as 
food, 31 ; habits, distributiou, and breed- 
ing, 29*40 ; locomotion, 40 ; names for, 
41 ; classi6caticn, ^*^7 ; stractore, 47* 
63 $ embryology, 63*72 ; fossil, 72*77 ; 
affinities, 78 
J/ymscofeon, 456 
MyrmteopKana/aUax^ 323 
Myrmecophilides, 940 
MytituUo^ 456 

MyntuUon^ 456 ; JT turopaexu^ 457 ; Af. 
/ormicarius, 466, 457 ; Af. noHms, 457 ; 
Jf. paUidipennis, 466 
Myrmeleonidea, 4S4 

Naaort, 370 

Afetr^hUus artnariusp 462 

Necrose ides, £78 

Needham on locusts at sea, 297 

ATemati^ 614 ; Af, dttrtispif%ag 498 

ATemMus $iftvestru 9 339 

IfemapUra Udtrtri, 462 ; larva, 462 

Nemopterides, 46£ 

A7moura, 401 ; A*, glacialis^ 405 
Neoteinic Termites, 86%. 880 
Nervous system, 116 

Ntnmres, 107, 108, 206 ; of Fsoeldae, 892 ; 

of Embiidae, 862 ; of ^rmitidae, 869 
Nsnroptera, i72; ^^*486 ; N. amphiblo- 
tica, S4£ I N. planipetmii^ 94£ 
Nsnropteroidea, 486 
JVeufoterus tefUicutaris; 623 
Nsuten, 1S7 

Newman on abdomen, 491 

Newport Anihephorobia^ 846; on 

644 ; on Amiseta, 

VOL, V 


555 ; on PUronarcys^ 399 f. ; on turnip 
sawfly, 515 

Nicclet on Smynthuridae, 191 
Nietoer on Psocidae, 395 
Nirmus, 346 f. 

NiUsch, ou MoUopbaga, 346 f. ; on Psocidae, 
392 

Aioclicda rifnoni, 232 
Nodes, 493 
Nodus, 413 
Namadina^ 66S 
Notophilidae, 4A 
XotephiluSt 46 
Notum, 91, 100 

Number of species, of Insects, 83, 171, 178 ; 
of Cephidae, 506 ; of Chalcadidae, 539 ; 
of gall-flies, 533 ; of Uymenoptera, 503 ; 
of Parasitica, 520 ; of Ichneumonidae, 
551 ; of Odonata, 424 ; of Orthoptera, 
201 ; of earwigs, 215 ;> of cockroaches, 
236 ; of Mantidae, 258 ; of Pbasmidae, 
272 ; of migratory locusts, 297 ; of 
Perlldae, 407 ; of Psocidae, 395 ; of 
sawflies, 518 

Nnrseries of Termites, 387 
Nusbaum on embryology, 149, 152 
NycUboridcs, 240 

Nymph, 157 ; of dragon-fly, 418, 419, 
429, 422, 426; of Ephemeridae, 432 f«, 
432, 433, 484, 436, 436 
Nymphidina, 465, 472 
Nyssonides, 665 

Oas*oalls, 527 
Occiput, 94 

Ocelli, 97, 282, 3J8, 400, 409, 480; 

variation in, 267, 636 
Odonata, 4^ f- 

Odontoctrum olbicornty case of, 480 
Od<mtura terrieauda^ 816 
Oecanthides, S 4 O 
OeconfAvs, 339 
Oteodema — see AUa 
Oedipodides, 304, 909 
Oeuocytes, 187 
Oesophagi **bone,*’ 291 
Oesophageal nervous rin^ 118, 121 
Oesophagus, 114, 124, 403 
Oestropaides, 488 
Ol^neph^ 175 

(Migotuuria gartmniea^ nymph, 484 
Oligotoma nitJxaetx, S61. 554 j O, saundersi, 
599 ; O. tmu&xrw^ S54 
OmmaHitinm, 98 
Oniaeigader vnk^fiddi^ M9 
Ontogeny, 163 
Oolemm, 144 
Oolitic, 289 

Oothecn of iiantia, 246, 847 
Ophioneilua, 663 
Opliionldes, 6S7 
Opiatixocotmia aervip)fga, 215 
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Orders, 172 
OrieDt^tioD, 112 
Origin of wings, 206 
Orl-ay, 445 

Ormerod, Miss, on importation of locusts, 
299 

Ornament, 200, 215, 233 243, 244, 

282, 302, 813, 339 
Or-phanxa dtnticaudoy 321 
Orihodtra ministralU^ 249 
Orthoderides, 251, £59 
OrthophUbia^ 453 
Orthoptera, 17S. 198-340, 407 
Oryssidae, 506 

Oryssus abUtinuSf 506 ; 0. soyi, 506 
Osborn on Menopotty 350 
Osmylides, 466 
Osmylina, 466 

Osmylus ehrysopSf 841; larva, 466; 0« 
7naculaluSf 466 

Osten Sacken on similar gall-flies, 532 
Ostia, 48 f., 133, 435 
Ouderoans on Tbysanora, 182 
Oustalet on Odonata, 422, 423 
Outer margin of wing, 108 
Ovaries, 137, 138 ; of earwigs, 311 ; of 
iMdipodOy 283, 284 ; of Perloy 404 ; of 
Thysanura, 188 
Ovidnct, 139, 392 

Oviposition, 229, 246, 265, 290, ^1, 440 ; 
of Agriotypus^ 557 ; of Cynipidae, 527 
f,, Adler, on, 529; ot SneyHus. 545 ; 
of IchneumoD, 555 ; of inquilioe gall- 
flies, 532 ; of Mecmema^ 321 ; of Pdc- 
cinus, 664 ; of Pimploy 553 ; of Poda- 
grion^ 546 ; of sawfties, 518; of -Sirea:, 
509 ; of Siphidium^ 321 
Ovipositor, 110, 662, 654 ; Cynipid, 524 ; 

ot Locxuta^ development^ 314, 815 
Owen, Ch., 40, 78 

Oxyeihira, 484 ; O. larva, 4S5 

Oxyhaloides, 234, 

Oxynra, SSS^ 634 

PAcnrcREFiSy 550 

Pachyiyl%t$ cineramenMf 293, 297, 298, 299, 
308 ; P. inarvioraiuMy 298 ; P, migrator- 
ioidej, 298 ; P* migratoritu, 298, 299, 
308 ; I\ nigrqfdoeiatus, 285, 298 
Packard, ou cave- Myriapods, 34 ; on air 
sacs of locusts, 283, 294 ; on classiflco- 
tion, 173 ; ou development of Diplax^ 
419 ; on may- flies, 430 ; on metamor- 
phosis of Bof}tbus, 497 ; on scales, 897 ; 
on spiral ttbre, 

Pa*l, 106 

Paedogencsls 142 

Pngcn^tecber on development of AfaiUM, 

247 

Pnlacacrldidae, 309 
Palaeoblattariae, 239 
paiaoMaitina douviUeif 238 f* 


Palaeocampa^ 73 
Palaeodictyoptera, 486 
Palaeomantidae, 259 
Palaeontology, 178 
PaJaeophUbia supersUs^ 427 
Palaeozoic, Myriapods, 76; Insects, 348, 
486 

Palingenia bQwata^ 430 ; P.foixtmantdii, 
443 ; P* papuana, 441 ; P« virgo, 481 
Palm4n, on dragon-fly nymphs, 423 ; on 
Ephemeridae inflation, 439 ; on gills of 
Perlidae, 402 ; on rectal gUls, 422 ; ou 
tracheal system of immatnre Ephe- 
meridae, 436 
Palinofty 546 
Palmola, 105 
Palcphus eeniaurttSf 275 
PalpartSf 454 
Palpiger, 95 

Palpus, 95 ; of Pieris braxsicat^ 122 

PamMia, 561 

Pamphogides, 303, 310 

ParuMora viridis^ 229 

Panchlorides, £41 

Panesthiides, £41 

PanxacuM virgatus larva, 555 f« 

PanorpOy 450, 453 ; leg, 104 ; P. com- 
muniXy 449 ; lar\*a, 452 
Panorpatae, 175, 453 
Panorpidae, 44^* 

Pontel on j^honation of Cucuttigera, 304 

Papiriidae, 191 

Panderm, 164 

Paraglossa, 95, 96, 96 

Parapteron, 100, 101, 102 

Parasites, 540 f., 643 ; external, 655 

Parasitica, StO, 5tl 

Parasitism, 621 f., 535, 659, 560 

Parthenogenesis, 141, 481, 497, 516 f. 

630 f., 647 ; utility, 617 
possalidae, mandibles, 95 
Patagia, 102, 103 
Patagonia, 459 
Paunch, 348, 360, 446, 448 
Paurometabolo, 158, 199 

Pauropidae, S3, 42, 47 .. 

Paoropodm 47, 67. 77, 79 ; etnicture, 62 

Pauroptu, 47 

Pazlavsky on bedeguar, 527 
PcdiccUate, 619 
Pedunculate body, 495 
Pelecinidae, 563 
Ptitciniu pclyturator, M 
Ptigpaeus tpinolae foot, 105, lOO 
Perex on Twines, 866, 382 
Perga lowisit, 517 

Periblast, 149 . 

Pericardial septnm, 184 ; sinus, 184 , 

tissue, 185 

1^6 ; offiniUea, 4 ; exterMl fe»ture% 
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5 ; bead, 6 ; e ; colour, 6 ; jaws, 

7 ; legs, a ; habits, food, 9 ; breeding, 
10, 19 ; alimentary canal, 11 ; nerroas 
system, 12, 22 ; body • wall, 18 ; 

muscles, ▼ascular system, 15 ; baemo- 
code, 22, 23; body-cavity, 16, 22; 
nephridia, 16, IT, 22 ; reproductivo 
organs, IS ; development, 10, 19, 20, 
22 ; species, S3 ; distributloii, 24- 
26 

PtriplAneia americaiuif 236 ; P. n%iMtral- 
0$ia€, 221, 236, 239 
Periplanetides, t41 
Perisphaeiiides, £^1 

Perla, anatomy, 402 t ; ni^mph, 400 ; 
P. cephaloUs^ 406 ; P. ynaxima, 400, 
406 ; P. parisinoy 399 
Perlidae, S98 f. 

Paris on Temss, 366, 374 

FtiatiOy 809 

PetioUta, 496, S03, 5/9 

Petiolate, 619 

Petiole, 492, 493, 519 

Petioliventr^ 503, 519 

Peyrou on atiDoepberc in bodies, 131 

Peytourtau on styles of cockroach, 224 

Ptxpmathus, 556 

Phagocytes, 187, 166 

Phaneropterides, 823, SS8 

Pharynx, 114, 124 

PbasgoDundea, 811 

PAosma, 276 

Phaamidae, £01, 407, SCO-276, S77 
Phasmides, £78 
PhaamodtM rana(ri/bmu, 224 
Phti4g>oiamii$, 483 
Philopteridee, 346, 360 
FhonaUon, 200, 257, 802, 206 ; of Aeri- 
dJldaa, 284, 304 ; of Locnstidae, 318, 
219, 820, 824, 327 ; of Oryllidae, 831 f ; 
of Qr}fiioialpat 334 ; of Broehytrypes^ 
332 

Phospboreaeent Myriapods, 34 ; may^fliee, 

442 

Fhtagma, 102, 491 

Phryyanmpmndis, 422 ; P^pilc$a, pupa, 
4T7 

Phryganetdae, 398, 473 t 
Phrygaseides, 4^0 
PhyUildea, 267, £78 

Phyiliuv^ 262, 263, 267 1 . ; P. crurifMum, 
269 t ; egg*caprale, itructure, 271 ; 
P. 9eyihe, 227, 242 ; egg, 270 ; Pitied- 
/Mum, ea, 222 

Phytlodnmia ytnnanica, 229, 286; egg* 
capsule, 222 
PbyUodromiides, £40 
PhymaUuM, 803 

FhytopAagoua ParaaiUca, 522, 646, 547, 
657 

Pick, of death-watch, 221 

Plct^ on nymphs cf Ephemeridae, 4SS 


PieriSy palpus. 122; instawi, 166; para- 
sites, 661 

Pigment, of iris, 92 ; retiDAl, 92 

PiUax^ eyes, 480 

Pimpioy 553, 557 

PimpUdes, 557 

Pitfalls of ant-lloiia, 455, 459 

Planip^nia, 34S 

Plantula, 105 

Plateau, ou marine Myriapods, 80 ; on 
digestion, 127 ; on sight, 416 
Platephzmfn aniigua, 4^ 

PUityblaninus lunlanicus, 329 

PUUydtU yrisea, $12 

PUUycrumis, 413 ; P. pennipes, 413, 417 

PUUyerania tduiiSy egg, 265 

PlatygcuUr, embryology, 536 ( ^ 

Platyptera, i7A 

Platypterides, 269, 344, 428 

Plecoptera, 17S, 407 

Plectopterm, 174, 442 

Fleet opterinae, £41 

Pleura, abdomind, 493 

Pleuron, 22, 91, 100 

Plica of earwig, 209 

Pneumom ^cuUli<ifis, 302 

Pneumorides, 299, 302, S09 

Pocoek on W. Indian Myriapods, 33 

PodacanOius xnikinsmi, 272 

Podagru^ft, paraaitism of, 646 

PodeoD, 491 

Podtifti, 194 ; P. aquatica, 194 
Poduridae, 190 
Poecitimen qfinit, 200 
Poisers, 108 

Poison -clawa, 36, 52, CO 

Polet^jewa, Olga, on doiual veasel, 133 ; 

on Odonata, 414 
PolUU* tanio, parasite of, 564 
Polycentrtjpu*, 463 
PolydeslXllda^ 34, 36. 44, 76 
Potydemui, 36, 39, 44 
Polymilarcys, 440 
PolymorphuxD, 600, 536 
Poiynma aafaiu, 538 
Polynephria, 175 
Polyxenidae, 43, 53, 59, 77 
PotyscenuM, 33, 37 , 48, 55,. 72 ; transTOse 
section, 66 ; aeoae-organ, 51 
PolysonUdae, 44, 63 
Polywnium, 44, 48 
Pampholux diwiorpha, S18 
PompiUdes, 494 
PorOuds, 220, 222 
Post-clypeua, 93 

Fost-embryonie deTslopmeut, 164 
Post-scutelluiD, 100b 101 
PolawuMhw, 433 
Potts on Mantis 249 
Poulion on Panucica, 556 
Praeacutum, lOO, 101 
Praoii} 550 
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Pratt> on imagiual <li$c.s 167 

Praying Insects, 242 

J^rfsiicicJiia aqualica^ 588 

Primary larva, 542 

Primary segmcntatioD, 150 

VriMpxi^y 272 

Procephalic lobes, 97, ICO 

Prochi lilies, $28 

Prochilu^ auslralis^ 324 

Procto<laeuni, 123, 151 ; in J/nso/, 124 

Proctotrypiilae, 5^^*538 

Production of sex, 499 

Pro-legs, 614 

Pronotai wing*rudiments, 344, 395 
Pronotuni, 88, 100 ; of Xylocopay 490 
Pronympli, 164 
Pmpleuron, 100, 489 
Propoileon, 491 
Propod eum, 491, 492 
Proscopiides, 299, SOdy 325 
Prosopistoiiw. pundyfronSy 435 
Prostemmatic organ* 195 
Prostemum, 88, 100 ; of Vtspa crahrOy 
491 

Protection, 513, 515 

P rote pbemer ides, 443 

Prothoracic dorsal appendages, 443 

Prothoraz, 102 

Protohlast, 149 

Proto* cere hroQ, 318 

Protocranium, 92, 93 

Protodonates, 428 

Proto perl idle, 408 

Frotosyngnatha, 75 

Proto tracheata, ix, 4 

Prove ntri cuius, 114, 124, 125, 450 

Psalis americanay 215 

Psectra dispaty 466 

Psenides, 524, 533 

PuiidogloTruris ftfrttic<ila, 235 

Pseudoneuroptera, $4^ 

Pseudonychium, 105 
Paeudophyllides, SS8 
Pseudo -sessile, 493 
Pstudoiremioy 34, 35 
PsHocivenxis dilatipeSy 413 
Psocidac, $50 f* 

P9CCUS /a9ciatusy 390 ; P. htUmfwrphxUy 
391 

PtcromaliDi, 639 

PUronarcys friyuUiy 398 ; /*. rtgalisy 402 
PieropluitUy 331 
Pterygogeuea, 175, 196 
Pulvillus, 105 

Pupa, 167, 169 ; active, 448, 465, 473, 
479 

pupation, of Chalcididae, 550 ; ol Encyrtusy 
516 ; of Proclotrypi<U, 634, 535 
Pu pi para, 143 
Pytjulicruna hxigeli^ 202 
Pygidium, 205 
Pylorus, 12'^ 


Pyramids of Egypt, 462 
Pyrgomaniis singularisy 252 
Pyrgomorpha grylUndes, 303 
PyrgoTuorphides, 303, $09 

Quebn, 144, 361, 378 


Radial cell, 524 

JlaphidiOy 447 ; R. ^xoiaitL, 447 ; larva, 

448 

Rapbidiides, 444* 447 
Raptorial legs, 242 C, 237, 463, 484 
Ratzeburg, on Anomaiotiy 553 ; on tro- 
chanter, 520 

Ravages of Termites, 388 
Reaumur, on ant-lions, 455 ; on circula- 
tion of silkworm, 135 ; on galls, 525 i 
on ' may-flies, 438, 441 ; on sawflies, 
512, 513 ; on spheroidal condition, 164 
Heceptaculum seniinis, 139, 404 
Rectal, gills, 421 f. ; respiration, 435 
Rectum, 125 

Rctltenbaclier, on migratory locust, 297 ; 
on wing, of OUgoto^nOy 853 ; of Termes, 
369 * 

Rcduviid egg, 145 
Reflex action, 250 

Reproduction of lost parts, 213, 265, 


266 

Reproductive organs of Ephemeridae, 439 
Resemblance, of eggs to seeds, 265, 270, 
271 ; of one part to another, 208, 266 ; 
of parasite to host, 532 ; histological, 
271 ; of Trichoptera to moths, 484 ; to 
bark, 251 ; to flowers, 264, 255, 256 ; 
to inorganic things, 253, 304, 307 ; to 
leaves, 255, 267, 268, 822 f., 328 ; to 
lichens, 253 ; to other creatures, 235 ; 
to other Insects, 197, 215, 235, 251, 
274, 300, 301, 323, 324, 604, 613, 650 ; 
to vegetation, 200, 260, 274 
Respiration [and respiratory organs], 128- 
132, 431 ; by integument, 483 ; by 
setae, 435 ; of nymphs of Odonata, 
420 f. ; of Perlidae, 401 f* 

Respiratory chamber, 434 
Retinula, 98 

Reuter on ventral tube, 192 
Rhabdoro, 98 
RhipipUryx^ 837, 388 
Ilhizotrogus egg- tubes, 138 
RhodnJrc^ae, 498,527, 628, 531 ; larv*, 
532 ; parasite, 639 
Rhyacopb Hides, 4^S 
Rhyaciphylaxy 482 
Rliynchota, i75 
Rkyparolna rtutdex'Oty 237 

Rhyssa persufuorioy 664 
Riley, on caprifleation, 549 ; on Cephu^ 
505 : on development of CaloptexiuSy 2^ 
289 5 on galls, 526 f. ; on Katyduls, 
320 ; on locust swarms, 298 ; on Jficro- 
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ettitrum, 313 ; on ovipositing of locust, 
200 ; on subimAgo, 437 » on Thalt^sa^ 

6M 

Hitsezsn on KnvicyUiy 48X 
Ronalds on anglers* 441 
RoQX on }{€trophUuMy 462 
Royal pain, 377 
Riihl on earwig, 213 

i^ACa — sec Air Sacs 
8igi<les, 32S 

Salivary glancls, 124, 126, 187, 210, 228, 
246, 283, 335, 348, 353, 403, 414, 495 ; 
of PtrxpaiMiy 11 ; of Myriapods, 48, 

49 

Salivary receptacle, or reservoir, 126, 228, 
246, 338, 348, 360 
Saltaioria (Ortbopicra), 201 
Sandwich Islands — see Hawaiian Islands 
Saunders, Sir Sydney, on Sdetodennth 
536 ; on capridcation, 548 
Saussnre, H» de — see De Saussure 
Savage on Termites, 368 
Saw, 493, 812 
Sawflies — see Tentbredinidae 
Scales, 185, 189, 397 
ScapUrucxUy 334 
Sedwena^ 301 
Schindler on M^pighian tubes, 246 ; of 
OryltotaijHi, 335 

Schistceerca pertgrijuiy 298 ; development, 
287 ; iS. ammoaiux, 298, 808 
SMiodatiylus t/nmafroaua, 328 
ScbUopliUialmi, 469 

SchixoUrsia, 35, 57, 68, 70, 75 ; struc- 

ture, 59 

Schletterer ou |>arasitic Hymeuoptera, 585, 
669 

Sderite, 91 
SUtrwUrtna^ 536 
Scolia^ ovaries, 138 
ScctopendrOy 30, 31, 32, 41, 78 
Seol^pendrtUa^ 47, 61 
SeolopendrelUdae, 33, 42, 46 
Scolopendridae, 31, 33, 39, 46% 75 ; sper- 
matophores, 39 
Scorpion-flies, 449 f. 

Scudder, on grasshopper music, 287 ; on 
Katydids* music, 320 ; on locusts at 
sea, 297 ; on reproduction of lost limbs, 
266 ; on fossil Insects, 486 ; 00 fossil 
earwigs, 216 ; on fossil may-flies, 443 ; 
on fossil Si^idae, 449 ; on Tertiary 
Insects, 179 
Scuiallum, 100, 101 
&v/^rra, 38, 36, 48 ; sense organ, 81 
Scutigeridae, 35, 36, 40, 46, 50 
Scutum, 100, 101 
Secoodi^, 427, 472 ; larva, M2 
Securifera, 608 

Seg m entat i on, 149, 287 : of ovum of 
Stnicra, 


SegmenU, 88, 90 ; number of, 87 
Sely-s De, ou dragon-flies, 425, 427 
Svmi-pupa, 497 
Sense organs, 121-123 
Senses, 541, 544, 553 

Sericostomatides, 4 '^ 4 > 462 

Series, 177, 201 
Serosa, 148 
Serrifera, 503 
Sessile abdomen, 493 
Sessili venires, 492, 496, SOS 
Sex, 498, 499, 500 
Sexes, 137 

Sexual organs, external, 141 
Sb&w ou Orthoptera, 201 
SiaUdoe, 407, 444 
Sialides, 444 

SiclU lutaria, 444 ; eggs, 445, larva, 446 ; 

tracheal gill, 446 
Silk, 127 

SUOi parasite of, 688 
Silurian Insect, 238 
Silver flsb, 186 

Simple eyes, 97, 184 — see also Ocelli 
Siphonaptera, 174% lf6 
CiirtXj habits of its parasite, 554 1 K augur, 
509 ; S 508, 510 ; & yurencus, 

608 

Sirieidae, S07 ; parasites of, 563 
Siricldes, SIO 

Sisym 467 ; &/%$9cata larva, 467 
Sityrina, 4 ^ 

Silaris Aummilu, early stages, 109 
Sloane, Sir Hans, ou locusts at sea, 297 
Smallest Insect, 537 

Smeathman on TVarmites, 366 r«, 381, 383« 
387 

<StAscra claviptM embryolog)', 545 
Smith, on Cynipa^ 580 ; on Trigonalys^ 
664 

Smynthuridse, 191 

SmynihuTMM varit^lxu^ 191 ; & /useus, 

198 

Snow-Insects, 194 

Social, Insect^ 85, 361, 869 ; Hymenoptera, 
488, 500 f. 

Soldiers, 370, 371, 372 
Somites, 67 

Sommer on Maerotoma. 163, 195 
Soothsayers, 242 

Sound production, 358— see Phona- 

tion 

Spaihius^ 561 

Species, number of — see Kumber 
Spencer, Herbert, on caste and sex, 600 
Spennatheca, 139, 228, 499 
Spermatophores, 39 
Spermatotoa, 140 
^haewpsocua Irunoiett, 39T 
Spbaerotherildae, 46 
^ha€rolhtrium^ lA 
Spha ahrysU^ 400 
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Spiders eaten, 464« 465 
SpiDDeret, 468 
Spinners, 441 

Spiracles, 8d, 111, 128 ; number of, 186 ; 
of dragoD’fly nympho 423 ; absent, 436 
—see also Stigmata 
Spiral fibre, 128 

Spongiila JluviaiUiSj laira in, 467 
Spontaneous generation, 525 
Spring of CoUembola, 191 
Spurs, 104 
Stadium, 155, 158 
Stalked, cocoons, 660 ; eggs, 469 
St» Augustine quoted, 85, 565 
Stein on Raphidia larva, 448 
Stelis^ parasitic, 544 ; parasitised, 543 
Stem sawflies, 504 

SleiwbothruSf 308 ; sound • iostnunents, 

284 

Steoodictyopterides, 344 
Stenppel mat ides, 321, 329 
SUnophasniUS rujiceps^ 661 
SUncphylla comigtra^ 257, 266 
Stephan idae, 56t 
SUphanus, 662 
Stemom, 91, 100 
St Helena, 389 
Stick* Insects, 260 
Stigma of wing, 624. 634 
Stigmata, 88, 89, 111, 204 ; position, 493 ; 
on head, 193 ; S. repugnatoria, 30 — see 
also Spiracles 

Stiiopyga oricnfa/u, 223, 228, 231, 236 
Sling, 493 ; and ovipositor, 534 
Stink-flies, 469 

Stink-gUnds, 31, 125, 210, 264, 335 
Stipes, 95 

8toU on spectres, etc., 254 
Stomach, 114, 124, 125 
Stomato-gastric nerves, 120, 121 
Stomodaeum, 123, 151 
Stone-flies, 407 

Siraiiomys strigosa parasite, 645 
StridalaUon, 804 — see also Phonation 
Stammer • TVaonfela on Thysanura and 
CoUemboIa, 189 
St Vincent, island of, 461 
Styles, 224, 238 
Sub-imago, 429, 437 
Sub-Order, 177 
SubulicornU, 4^6 
Sucking spears, 466, 467, 470, 471 
Suctorial mandibles, 453, 456 
Super- Orders, 177 

Supplementary Ichneumon-flies, 3S8 
Supra -oesophageal gangUon, 117 
Sptures, 92 

Swarms: of locusts, 292-299 ; of may-flies, 
441 ; of Termites, 362 
Sympathetic nervous system, 120 ; absent, 
353 

Symphrasis varuh <^6 


Sympbyla, 42, 77, 79 ; structure, 

61 

Symphyta, 503 
Sympycna/usea, 415 
Synaptera, 275 
SynergiiSt 631 
Syngnatha, 44 


Takan^ 319 
Tarachedts luetdfrans^ 249 
Tarsus, 88, 104, 106 
Taschenherg on parthenogenesis, 141 
Tausendnisse, 41 
Teeth, 95 

T^mina, 108 ; leaMike, of PUrockroza, 
322 ; of crickets, 331 ; of earwigs, 205, 
212 ; of PhyUiumi 269 ; of Schiwdac' 
tylusp 325 
Tegnla, 103, 108 
Tdtganodts^ 442 
Telson, 205 
Temples, 94 

Templeton ou Lepima^ 195 
Tendons, 116 
TenthredinUlae, 5/17*518 
Tenihredo sp., 489 ; testes, 140 
Tentorium, 99 

Tepper on fossorial Blattid, 241 
Terebrautia, 590 
Tergum, 91, 100 

Tertrus sp., 878 ; T. lueifvgut, 889, 880, 
364, 866, 373, 374 ; T. viostambiau,»09 ; 
r. txUieorus. 306, 371 ; trophi, 867 ; cell 
of, 367 ; T. oecicUntis, 871 ; T. armigtr. 
371 ; T. lenuiM, 389 ; T. eiitgulatus, 871 : 
T. dirus, 871 ; T.ddriJis, 371 ; T. viarum, 
383 

TemlUriiuD. 886, 887 
Tennites, 357 f. ; dbtinctions from wits, 
602 ; wings, 869 ; anatomy, 860 
Termitidae, 366 ; number of species, 


389 


•tiary, IM. 216, 239, 276, 309, 340, 


Testes, 18. 49, 140, 404, 440 ; 

892 ; of Siilopyga onentalis, 228 
TeirophJialmut ehilenns, 846 
Tettigides, 299, 300, 309 
Tettix bipunelaitu, 800 
TheOwa larva, 607 ; ovipoaiUon, 664 
ThamasUa, 485 
Thamnotrizon apUrua, 818 


Thaela egg, 146 
Thelyotoky, 141, 498 

Thervuinafumorum, 186 

Thliboaedua cttmtUyfolivz, 319 
Thoraeaniha laireilki, 660 
Thorax, 99-103, 101, 108 
Thorax porctUana wing, 927 
Tkj/roopiorua, 895 
Tbyaanopten, 173 
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Th^MAon^ ISt f.; distinctioixs from Sym* 
phyU, 6i. 77, 79 
TihU^ SS. 104 
TiUus don^atus Iatta, 00 
Tinodes^ 4S3 

STO, 428 

eitrinus^ 4M, 488 
7Vmm]7jui<Aii 4, 498 
To&goe, 96 — see Also lin^A 
ToTymides, ^47 

rogMfrra, 288 ; T. denticuiaia, OM 
TrmbeculAe, 315 

TrAcheae, 126 ; absent, 558, 555 
Tracheal gilU, 400 f., 401 — see also 
Bruduae 

S^rtwux cdutnba^ OOT 
THas, 449 

THaaslc, 289 
T^riehifuluM^ 7S 

Tndiod€£U»^ 850 ; T. laius^ 849 
Trichopteja, 34 S. 47S t 
Triekostegia^ 480 
TrieorythuM^ 434, 488 
IVldactyUdea, 340 
Tridaeiyiiis variegaius^ 88T 
THgonalidae, 664 
Trigofuiiyt macHi\fronM^ 584 
IV^Didiidea, 34 O 
Tiimen on T^^uhypetra bufo. 304 
Trinidad, 501 

7Y(HCiM turidum^ 845, 347 
IVito-cerebron, 118 
T^hmaUr. %», 10*, *•!, *94, OM 
IroctumUn, 104; ofcockrou^ 999 
Itephi, 91, 94 
l^Tphooides, SS7 
IVyulidcs, 303, 309. 325 
TryxalU nanUa, 979 
Tabalifcn, £30 
TymputophoridM. 339 
T^puiim. 996 f. 

on gnsahopper miulc, 280 

tJuOA, SS 
UroecridM, £€7 

UMlen wioga, 199, 394, 484- 661 
Uterus 18, 899 

Vaoub nemtoi •y»tem, 120 
3“ ®«** on metuuorphoab, 162, 164 

®?* ' of colour, 252, 288, 804, 

IS? ’aS/Sf »«» i ■“ "“Uil 

Votidec, 359 

VM^fereni, 18, 140, 187, 999 

vnyitiir^ on nymphs of Epbaaeridae. 4S4> 

oallB8^ 438 * »*«>,*o*, 

▼elns, 206 

ohnin, u*. 187, 414; of Pcrlldna, 
“* ’ *”'*■ “>• »« 


v> 

w 


Vcrioef [misprint for VerhoeffJ 
Vcrlooren on circulstion, 436 
Vertex, 94 

Vesicnls semioalis, 140, 999 ; sbocDt, 404. 
414 

Vttpa erabro prostemnm, £91 
VestibaI^ 112 

VinlUnes, on hesd, 87 ; on brain, 118,* 
119 ; on meUmorphosix, 162 
Visceral ncT%-ons system, 120 
ViteUopbaga, 147. 152. 168 
Viviparous Insects, 217, 229, 143, 218 
Voetgangera, 29r L 
Vom Rath on sense organs, 122 
250, 258 

on stink-glands, 210 
, J. J., on Australian Termites, 
Reaves, 267 

on perpendicular and smooth 
^ 1U6 
)n gslls, 531 

un on SL Augustine’s works, 665 
O'l, Brunner von — see Brunner 
am, on easte, 600 ; on meta- 
morphosis, 162, 166 ; on imaginal discs, 
16? 

Westwood, on Forfieuia. 904 ; on IMUn- 
mUju larva, 460, *61 ; on LathetiUn^ 
396 } on Sdtroderma. 536 
Weta-pUDga, 326 

Wheeler, on Malpighian tubes, 127 ; on 
embr)-o]agy of Orthoptera. 199 ; on 
embryology of -T»>AtdtHM, 821 ; on 
vitellopha^ 147, 162, 168; on sag- 
mentatiou, 160 ^ 

White ants, 356— eee Ibnidtes 
Wielowiulaki on blood-tissue, 133, 137 
Will on brain of Aphldid^ 118 
W^les ; caddis-fly, * 81 ; carwiaa, 205 ; 
^^^346, 862, 868, 461, 488, 686, 
647 ; winglcM Piocidae, 894 f.— see also 
Apterooa 

^^,8^ 107 ; origin and fbnctioo, 394 ; of 
BlUtidae, 226 t, 997 ; development of. 

In locust, 288 ; in Trichoptero, 479, 480 i 
of d^n-fly, 413 ; of earwlg^ 206 
of AAcawra, *91 ; growth of; 418 : 
of Ichneumon and Bneon. 688 : pos- 
terior absent, 466, 485; wing-hooks 
W ; veins. 107-.^ slso’TegiSi id 
Alar Ot^ADi 
•• WIiA^worm,” 25, 38 
WUtlsghAutea on tradieAA, 129 

l‘». IM « 

S *81, 874, 488, 496 
WyaodoU* Carsi^ Kyriapods in, 84 
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Xakbbu on PalynoTij 646 
Xerophyllnm simiUy 301 
Xiphidium ens^eruviy 321 
Xipkoc^ra asina, 303 
Xylobius, 73, 76 

Xylocopa, 494 ; metamorphosis, 170 ; pro* 
DOtUTD, 490 

Xypbidriides, 507 f., 510 


Yolala, 298 

Yolk, 19, 64 , 145, 152, 545 

ZmtfBR3CAKy on caudal respiration, 435 
Zittel, figure from, 276 
Xygatna embryo, 101 
Zygopteridee, ^17, \ n^'mpbs, 422 
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